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estimulo m metabilico directo 


La L-triiodotironina es probablemente. 
la etapa final de la hormona 
tiroactiva. 


— De accién directa en los 
procesos metabélicos celulores. 

— Constituye un tratamiento 
seguro y facilmente controlable 
de los estados 
hipometabdolicos y de Ia 
obesidad, dismenorreas, 
insuficiencia metabédlica 
de la vejez, etc. 


Posologia: 20 a. 60 microgramos 
repartidos en dos o tres, tomas -diarias. 


Presentacién: frasco con 50 
comprimides ranurados (cada compri- 
‘mido contiene 20 microgramos 
de L-triiodotironina sédica ). 
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Si ante un proceso diarreico se desea disponer de un preparado que 
— Actte en las afecciones diarreicas de cualquier tipo 

— Posea accién antibacteriana y antiparasitaria positivamente amplia 
— Haga desaparecer con rapidez las molestias concomitantes 

— No altere la flora intestinal fisiolégica, y 

Sea de muy buena tolerancia... 


eleccién debe recaer entonces en el 


antidiarreico de amplisimo espectro antibacteriano y antiparasitario, rapidamente eficaz 
en los procesos de mas variada etiologia. La dosis corriente para adultos es 1 gragea 
tres veces por dia. A titulo profilactico: 1-2 grageas cada 24 horas. 2 


Mexaformo® es una asociacién de Vioformo®, Entobex® y Antrenyl®. Envases con 20 grageas 
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CONCENTRACIONES 
PARA TRATAMIENTOS 


INTENSIVOS 


Ephynal 


vitamina £ sintética - acetato de DL-a@ - tocoferol 


COMPRIMIDOS de 200 mg. 
AMPOLLAS de 300 mg. 


OTRAS PRESENTACIONES: 


COMPRIMIDOS de 10 y 50 mg. 
AMPOLLAS de 30 mg. 
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SANDOZ Presenta 


primer preparado de oxitocina sintética 


El Syntocinén no contiene 
vasopresina, no provocando por 
lo tanto modificaciones fensionales 


clinicamente significativas. 


Presentacion: Cajas de 3 ampollas de 5 U. I. 
Cajas de 3 ampollas de 10 U. I. 


Envases para hospitales: 50 ampollas de 5 U.!. y de 10 U. I. 
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Marca reg. de Clorhid. de Fenformina 


el agente hipoglicémico oral 
de "amplio alcance" 
... reduce con seguridad el azicar 
sanguineo en la diabetes ligera, 
moderada y grave, en nifios y adultos 


despacio 


Venta, distribucién y atencién del cuerpo médico 


La norma de “jempiece despa- 
cio! jvaya despacio!’’ en el uso 
de DBI, permite a un numero 
maximo de diabéticos disfrutar 
de la comodidad, bienestar fi- 
de la terapéutica por via oral 
en casos de: 


diabetes del adulto, estable 
diabetes inestable (labil) 
diabetes juvenil 

diabetes resistente a la 
sulfonilurea 


‘““Empiece despacio! jvaya des- 
pacio!”” Significa dosis_inicial 
pequena (25 6 50 mg en dosis 
fraccionadas, por dia) con au- 
menos pequenos (25 mg) cada 
tercer o cuarto dia hasta que 
los niveles de aztcar sangui- 
neos quedan regulados adecua- 
damente. La inyeccién de in- 
sulina se reduce gradualmente 
al par que se aumenta la do- 
sis de DBI. Con DBI solo se 
logra generalmente dominio sa- 
tisfactorio de la diabetes esta- 
ble ligera.* 


Con la norma “jempiece des- 
pacio! j vaya despacio! 


Mas de 3000 diabéticos someti- 
dos a tratamiento diario con 
DBI se han estudiado cuidado- 
samente por periodos. varios 
hasta de tres anos. No se no- 
taron cambios histolégicos ni 
funcionales en el higado, san- 
gre, rinones, coraz6n ni en 
otros 6rganos. 


DBI (N1-£-fenetilbiguanida) se 
ofrece en tabletas blancas, ra- 
nuradas, de 25 mg cada una, en 


frascos de 30 y 100. 


* Nuestros representantes en ca- 
da pais enviaran, asolicitud, un 
libreto con instrucciones com- 
pletas sobre la dosis para cada 
clase de diabetes y demas in- 
formaci6on pertinente. 
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La “Asociacién Latinoamericana de Ciencias Fisiolégicas” realizara del 4 al 
8 de Julio de 1961 su 1V# Reunién Cientifica en Ribeirao Preto, Estado de Sao 
Paulo, Brasil. 


El programa cientifico a ser desarrollado constara de presentacién de comu- 
nicaciones, conferencias y simposios. Las comunicaciones seran leidas durante 
los dias 5, 6 y 7, por la manana. Esos mismos dias, a la tarde, habra dos con- 
ferencias y dos simposios diarios. 

Algunos de los temas seleccionados para las conferencias y simposios son: 
Polipéptidos Vasoactivos, Diabetes Experimental, Psicolisiologia, ‘Transmisién 
Neuromuscular, Fisiologia Uterina, etc. 

El sabado 8 por la manana, se realizara la sesibn de clausura después de 
una Mesa Redonda sobre Ensenanza e Investigacién en la América Latina. 

La Comisién Organizadora tiene en preparacion un programa correlativo 
de actividades sociales. Habra asimismo facilidades para los participantes que 
desearen visitar otras localidades del Brasil, incluso Brasilia. 

La organizacion de esta Reunidn esta a cargo de la Sociedad de Biologia 
de Ribeirao Preto. La inscripcidn sera cerrada el 28 de Febrero y los réstime- 
nes de los trabajos seran recibidos hasta el 31 de Marzo. Toda informacion, 
solicitud de inscripcién o envio de comunicaciones debera ser dirigido a: 


Profesor Miguel R. Covian 


Faculdade de Medicina 
Ribeirao Preto (Estado de Sao Paulo) 
BRASIL 
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4th MEETING OF THE “ASOCIACION LATINOAMERICANA 
DE CIENCIAS FISIOLOGICAS” (ALACF) 


The 4th Meeting of the “Asociacién Latinoamericana de Ciencias Fisiolégi- 
cas” (ALACF) will be held in Ribeirao Preto, Sao Paulo, Brazil, July 4-8, 1961. 


The scientific program will contain communications, lectures and symposia. 
The communications will be delivered in the morning of July 5, 6 and 7; the 
lectures and symposia will take place in the afternoon of the same days. 


For the lectures and symposia some subjects have been selected as: Vaso- 
active Polypeptides, Experimental Diabetes, Psychophysiology, Neuromuscular 
Transmission, Uterine Physiology, etc. 


The meeting will close in the morning of July 8 with the final Session 
after a Round Table on “Teaching and Research in Latin America”. 


The Organizing Committee is also preparing a program of social entertain- 
ments and also the participants will be given facilities to visit other cities in 
Brazil including Brasilia. 


The erganization of the meeting will be sponsored by the Society of Biology 
of Ribeirao Preto. Deadline for registration: February 28, 1961. Deadline for 
the abstracts of communications and lectures: March 31, 1961. 


All correspondence related to information, registration and abstracts should 
be addressed to: 


Profesor Miguel R. Covian 

Faculdade de Medicina 

Ribeiréo Preto (Estado de Sao Paulo) 
BRASIL 


EFFECT OF LOW CONCENTRATIONS OF OXYTOCIN 
ON THE UTERINE RESPONSE TO ELECTRICAL 
STIMULATION (*) 


C. A. V. H. GonzALez PAnizzaA and 


R. CALDEYRO-BARCIA 


(Servicio de Fisiologia Obstétrica, Facultad de Medicina, 


ONZALEZ-PANIZZA et al. (%) have es- 
G timated that the blood concen- 
tration of oxytocin required for a phy- 
siological stimulation of the pregnant 
human uterus would be of a few micro- 
units, less than 20 per milliliter of 
blood, i.e., in the order of 10-!? g/ml. 

The mechanism by which these low 
concentrations are able ‘to cause the 
strong uterine contractions of labor, 
remains unknown. There is however, 
some indirect evidence suggesting that 
“physiological” concentrations of oxy- 
tocin would increase the excitability of 
the uterine muscle, enabling a greater 
number of myometrial fibers to respond 
to endogenous liminal stimuli arising 
from pacemaker areas of the organ. 

Csapo (*) reported that oxytocin, in 
relatively high concentrations (100 
wU/ml), increased 2-5 times the ten- 
sion developed by the isolated rabbit 

(*) This investigation has been aided by a 
grant hom the Josiah Macy Jr. Foundation, 


New York, and by a grant from de Rocke- 
feller Foundation. 


Received for publication, September 26, 1960. 


Montevideo, Uruguay) 


uterus in response to threshold elec- 
trical stimuli, and interpreted this effect 
by a lowering of the excitability thres- 
hold of the myometrium. 

The purpose of the present paper is 
to study “in vitro” the uterine effects 
of the low concentrations of oxytocin, 
which according to Gonzalez-Panizza 
et al.(%) cause a physiological stimu- 
lation of the “in situ” pregnant human 
uterus. These concentrations are about 
100-200 times lower than those em- 
ployed by Csapo(?) in his “in vitro” 
studies. 


METHOD 


Virgin albino female rats, of 180-220 
grams of weight were injected one pg 
of stylboestrol per 100 grams. When 
the vaginal smear indicated that the 
animal was in proestrus (12-16 hours 
after injection) the rats were struck in 
the nape and bled to death. One ute- 
rine horn was excised and hung bet- 
ween two platinum wires in an air 
chamber at 28°C. The uterus was super- 
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“pou! viSO” RECORDER 
STRAIN 
GAUGE 
LOCKE (2mt/mn) 


HEATING 
SYSTEM 


| 
tat | 


OXYTOCIN ( 2 mi/min) 


ELECTRIC 
STIMULATOR (50 cps} 


Fic. 1.—Schematic representation of the sys- 
tem of perfusion, stimulation and isometric 
recording of “in uterus. For the 
perfusion of the organ, two slow-injector units, 
one for the 


vitro” rat 
Locke solution and the other for 
the oxytocin solution have been employed. 
Both operate at the same speed. 


fused according to the technique des- 
cribed by Gaddum (*) using a low-cal- 
cium Locke (*) infused by a slow injec- 
tor apparatus (Palmer) at the rate of 
2 ml/min (fig. 1). The uterine con- 
tractions were recorded isometrically 
by means of a sensitive Strain Gauge 
(Statham Model G7A 0.3 oz.) and a 
Sanborn Poly Viso. The length of the 
strips was adjusted in order to have a 
resting tension of 0.1 gm. The expe- 
riments were performed with prepara- 
tions exhibiting no spontaneous con- 
tractions. At intervals of 3 minutes the 
uterus was stimulated with A.C., 50 
c.p.s. of 2-6 volt and during 5-15 
seconds. In each experiment the voltage 
and the duration of the current were 
kept constant. 

After obtaining steady uterine res- 
ponses to the electrical stimuli, a solu- 
tion of oxytocin (Syntocinon Sandoz) 
in Locke, supplied by a second slow 
injector apparatus at the same rate of 
2 ml/min, was used instead of the 
Locke solution for perfusing the uterus 
2 ml/min, was used instead of the 
concentration of oxytocin ranged from 
0.5 to 800 microunits per milliliter. 


PANIZZA AND CALDEYRO-BARCIA 
RESULTS 


When used in concentrations lower 
than 3 U/ml, oxytocin “per se”, i.e. 
in absence of electrical stimulation, did 
not produce uterine contractions, €ven 
if the perfusion of oxytocin was con- 
tinued for 10-20 minutes. But in all 
cases these low concentrations of oxy- 
tocin markedly enhanced the uterine 
response to electrical stimulation, as 
shown by the increased tension devel- 
oped by the contractions. Fig. 2 illus- 


LOCKE WITH K iN] 
(95 wu/mt)} 


COKE i(2mt rnin} 


Fic 2. 
of the superfused rat uterus. Electrical stimuli 
(indicated by arrows at the bottom) every 3 
minutes with A.C., 50 ¢. p.s., 2.25 volt during 


— Isometric recording of the contractions 


75 seconds. Before oxytocin the uterine con- 
tractions developed a tension of 0.04 g. Dur- 
ing oxytocin perfusion the tension increased up 
The ?tfect of oxytocin diminishes 
gradually after the end of oxytocin perfusion. 


to 1.0 


trates the effect of 0.5 »U/ml of oxy- 
tocin on the uterine response to liminal 
stimulation; before oxytocin, the con- 
tractions developed a tension of about 
0.04 grams, and during the oxytocin 
perfusion the tension increased up to 
1.0 gram. This facilitating effect is al- 
ready visible 2 minutes after the onset 
of oxytocin perfusion, and reaches its 
maximum value about 10 minutes later. 
The effect diminishes gradually when 
the perfusion of oxytocin was discon- 
tinued and disappeared in about 15 
minutes. 

With slightly higher concentrations 
of oxytocin (2 »U/ml) the facilitating 


1 
AT 28° | 
SUPERFUSED 
RAT UTERUS 
; | 
@ 
N22 
ELECTRICAL STIMUL 


UTERINE RESPONSE TO ELECTRICAL 


LOCKE WITH OXYTOCIN 


N25 
2 BU/ce. 


LOCKE | | LOCKE 

mg 

500- 


250- 
“REL EL LTD 
ELECTRICAL STIMULI 
4v. 15 sec 50 cps 
Fic. 3.—Same method as in figure 2. Before 
oxytocin the contractions developed a tension 
of about During the perfusion of 
oxytocin the average tension increased to about 
0.4 gm. The effect disappeared very rapidly 
after the end of the perfusion. 


0.05 gm. 


effect reached almost maximum values 
in about one minute alter the onset of 
oxytocin perfusion (fig. 3). 

E ffect of high concentrations of Ox) 
tocin. — Concentrations of oxytocin of 
100 U/ml perfused during one minute 
caused one uterine contraction (in the 
absence of electrical stimulation) within 
30 seconds of the onset of oxytocin 
perfusion. The uterine response to one 
electrical stimulus applied about one 


LOCKE WITH LOCKE WITH Nie 
OXYTOCIN OXYTOCIN 
100 100 wU/mt 
LOCKE | LOCKE LOCKE | LOCKE 
grams 
1 


ttt 
ELECTRICAL STIMULI 
6V. 15sec AC S50 cps 


2mn 


Fic. 4.—Same method as in figures 2 and 3. 
Oxytocin in high concentration (100 yU/ml) 
perfused during ore minute caused one ute- 
rine contraction, and enhanced the response 
to subsequent electrical stimulation. In A, the 
contractions caused by oxytocin is stronger 
than in B (same uterus, half an hour later) 
but the enhancing effect of oxytocin is iden- 
tical in both records. 
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minute after the end of oxytocin per- 
fusion, was much higher than belore 
oxytocin (fig. 4 A and 4 B). In fig. 4 B, 
the contraction caused directly by oxy- 
tocin was smaller than in fig. 4 A (same 
uterine horn, half an hour earlier); 
however, the enhancement of the ute- 
rine response to electrical stimulation 
was of similar value in both records. 
This fact suggests a certain indepen- 
dence between both effects of oxytocin. 

The uterine contraction caused by 
800 .U/ml of oxytocin perfused during 


LOCKE WITH 
OXYTOCIN N. 

800 

LOCKE LOCKE 
grams 

w 


3M sec SOcps 
15-3 


LOCKE 
OXYTOCIN 
400 


Fic. 5. —Same method as in figures 2, 3 and 4. 

Oxytocin in concentration of 800 pU/ml (A) 

caused a stronger uterine contraction than in 

yoo pU/ml (B), but the enhancement of the 

response to subsequent electrical stimulation is 
the same for both concentration. 


80 seconds (lig. 5 A) was approxima- 
tely 4 times stronger than that caused 
by 400 U/ml perfused during the same 
time interval (fig. 5 B). However, the 
enhancement of the uterine response 
to electrical stimulation is the same for 
400 and 800 ,U/ml, suggesting that 
these high concentrations are already 
supramaximal] for the facilitating effect 


1. 
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of oxytocin, even though they are not 
supramaximal for the direct oxytocic 
effect of the hormone. 


DISCUSSION 


There is general agreement [Csapo 
Jung (1-12); Coutinho and Csa- 
po('), Marshall (%)] that oxytocin acts 
on the membrane of the myometrial 
cell rather than in the contractile myo- 
plasm. Jung (1°12) and Marshall (!*) 
found that oxytocin lowers the resting 
membrane potential of the myome- 
trium, which «pproaches the “critical” 
value, and the excitability threshold is 
lowered. According to Jung(!*) these 
effects of oxytocin are due to an efflux 
of K* ion from the myometrial cells. 

If the myometrium is made up of 
functional units which follow the all- 
or-none law, and with different excita- 
bility thresholds [Csapo (?)], only a few 
of these units would contract in res- 
ponse to liminal eiectrical stimuli. 
Physiologic concentrations of oxytocin 
would lower the excitability threshold 
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of all fibers and a larger number of 
units would respond to the same liminal 
electrical stimuli, increasing the ten- 
sion developed by the strip [Csapo (*)]. 


SUMMARY 


Oxytocin in concentrations of 0.5 to 
2.0 «U/ml markedly enhances the ten- 
sion developed by the superfused rat 
uterus in response to threshold electrical 
stimulation. A possible mechanism of 
this effect of oxytocin is the lowering 
of the excitability threshold by myome- 
trial fibers which would enable a larger 
number of fibers to respond to the 
threshold stimuli. 

These low concentrations are within 
the range which has been estimated 
to produce physiological stimulation of 
the pregnant human uterus “in situ”. 

In the absence of electrical stimu- 
lation these low concentrations of oxy- 
tocin do not cause uterine contractions; 
for this purpose, concentrations higher 
than 3 »U/ml are usually required. 
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INFLUENCE OF CARDIAC ACTIVITY ON CORONARY 
FLOW CONTROL 


R. C. DOucias, ViLMA ARMENGOL and J. TALESNIK 


(Department of Physiopathology, Medical School, University 
of Chile, Casilla 6510, Santiago de Chile) 


HERE is, so far, little agreement on 

the action of efferent nervous 
fibers on the coronary vessels. Opinions 
also vary as to the mechanism that 
governs the reaction of vessels to stimuli 
from cardiac nerves (11,26, 53, 63, 65), Some 
authors believe that cardiac nerves 
may act directly on the tonus of the 
vessels of the heart (4: 2° 23, 24, 27, 34, 39) 
and others support the theory that co- 
ronary reactions result from metabolic 
changes due to modifications of car- 
diac activity produced by nervous sti- 
mulation (1 6, 13, 14, 20, 29, 30, 40, 54, 60, 
61, 64,68) In fact it has been pointed 
out that there is a close relationship 
between heart activity and coronary 
flow (3; 5, 8, 11, 16-18, 21, 28, 29, 37, 48, 50, 
51, 52, 56, 57, 64, 66-69), 

The present study was planned with 
the purpose of contributing to a better 
understanding of the mechanisms re- 
gulating coronary flow. 


METHOD 


Thirty-eight experiments were made 
on the preparation of the cat’s vagus- 
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isolated heart. The animals weighed 
from 1200 g to 3500 g and were given 
a dose of 60 mg/Kg of Dial anaesthesia 
intraperitoneally. 

Langendorff’s method of perfusion 
was applied. The afferent and efferent 
heart vessels were tied up and the 
coronary outflow was collected from 
the pulmonary artery. The liquid from 
the right heart flowed continually by 
siphon, and therefore the ventricle 
remained empty even when the heart 
beat stopped. 

Tyrode solution (*) was used at 38°C 
at a perfusion pressure of 40 mm Hg. 
Isolated injections of acetylcholine, 
adrenaline and noradrenaline (**) were 


(*) TYRODE SOLUTION, all ingredients (in g) 
from Merck (Darmstadt): 

Sodium chloride .......... 8 
Glucose 
Sodium bicarbonate 
Calcium chloride 
Potassium chloride ........ 0.2 
Magnesium chloride 
Monosodium phosphate ... 
Distilled water to make ... 


0.125 
1000 mi 


(**) We are grateful to Winthrop Products, 
Inc. for their generous help in supplying 
Levophed and revising the translation of the 
manuscript. 
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given in the aortic cannula. Prolonged 
effect was obtained by adding these in 
known concentrations to the container 
of perfusion liquid. 

Heart activity was recorded with two 
isotonic levers connected with the apex 
of the heart and the left atrium respec- 
tively. Coronary inflow and outflow 
were recorded continuously by flow- 
meters (*!) that were adapted as shown 
in the diagram of the perfusion system 
(fig. 1). 


j 
< 
= 
Ezz 
Fic. 1.— Diagram of the perfusion system of 


the isolated cat’s heart. 
A, Reservoir of the perfusion fluid, 
B, Inflow-meter; b, inflow-recorder. 
C, Thermostat. 
D, Outflow-meter; d, 
a, Auricular lever. 


outflow-recorder. 
v, Ventricular lever. 


t, Time recorder. 


Calibrations were taken in each ex- 
periment. 

Both vagus nerves were stimulated 
simultaneously 3 cm away from the 
heart with rectangular pulses of 0.5 
msec at frequencies of 6 shocks per 


DOUGLAS, ARMENGOL AND TALESNIK 


second, voltage was kept slightly above 
threshold values (300-700 mV); dura- 
tion of stimulations is shown on the 
figures. 

The frequency of the heart was also 
modified by warming or cooling the 
posterior wall of the right auricle with 
a double current thermode, with tem- 
perature varying from 5° to 50°C as 
indicated on the figures. 

When necessary, ventricular fibril- 
lation was induced by applying direct 
electrical shocks at a frequency of 30 
per second, 


RESULTS 
Acetylcholine and coronary flow 


Fig. 2 shows that relatively small 
doses of acetylcholine (Ach) (0.1 to 
0.5 ug), which initially produce a mo- 
derate cardiac depression, increase the 
coronary inflow and outflow (phase I). 
After this period of flow increase, a 
second phase begins, in which the flow 
decreases. The increase of coronary flow 
in phase I appears to be unrelated with 
the degree of cardiac inhibition. In 
fact, 0.1 wg of Ach which acts only 
slightly on the heart, may determine 
as great a coronary reaction as that 
produced by 0.5 yg of Ach, although 
this amount produces an evident de- 
pressor effect on the ventricle. 

In phase II it may be observed that 
the diminution of flow is proportional 
to the degree of ventricular inhibition. 
Sometimes the period of coronary flow 
increase is short and is followed by an 
early decrease. In these cases it would 
seem that phase II begins sooner, inter- 
fering with the phase I increase in co- 
ronary flow. 

When the heart is perfused with con- 
centrations of Ach which produce sus- 
tained bradycardia, not attaining car- 
diac standstill, a prolonged increase in 
the total coronary flow occurs (fig. 2). 
These variations occur throughout the 


= 
} 
: | 
LZ 
| 


CORONARY FLOW CONTROL 


Ach 0.1 


Ach. 0.5 


Ach. 0.25 po/mi 


Fic. 2.— Coronary actions of acetylcholine in single doses and during perfusion. From top to 

bottom: coronary inflow, coronary outflow, auricular contraction and ventricular contraction. 

On the left side, calibration of the inflow and on the right, calibration of the outflow 
(ml/min); Ach, acetylcholine. 


period of bradycardia and normal le- 
vels are obtained only some time after 
the heart has recovered its frequency. 


Vagus stimulation and coronary flow 


Stimulation of the vagus modifies 
heart activity in the same manner as 
Ach. In the experiment shown on fig. 3 
t is clear that brief stimulation of th 


9 
Vagus iSsec Vogus 4min 


vagus produces a small increase of in- 
flow, followed by a reduction, and re- 
turning to normal levels once the car- 
diac frequency has been restored. The 
outflow, on the other hand, is slightly 
slowed down and reduced, following 
the pattern of the inflow. 

When the vagus nerves are stimul- 
ated for a prolonged period, the de- 
crease in coronary flow is more clearly 
noticeable (fig. 3) and is closely related 


Vagus 4 min 


Fic. 3.— Coronary actions of the vagus stimulation in a normal, a fibrillating and a heart 
with crushed septum. Recording as in Fig. 2. Duration of the stimulations is indicated at 
the bottom. 
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Ade O.tyg Adr O.5yg.. 


Ach.25yg Vagus. 2min "Seer 


Fic. 4.— Coronary reactions following adrenaline (Adr), acetylcholine (Ach) and vagus stimula- 
tion in the atropinized heart. Recording as in Fig. 2. 


to ventricular inhibition due to stimul- 
ation of the nerve. 


Action of adrenaline and noradrenaline 
on the coronary flow 


Fig. 4 shows the influence of adre- 
naline (Adr) on coronary flow. Since 
the results cbtained with adrenaline 
were qualitatively similar to those ob- 
tained with noradrenaline (Noradr), 
diagrams showing the latter are omit- 
ted. In every case, changes of cardiac 
activity were accompanied by coronary 
variations. When cardiac hyperactivity 
begins, a reduction of inflow and in- 
crease of outflow occurs. The imbalance 
of inflow and outflow is very brief; 
during the chronotropic and inotropic 
effects of Adr and Noradr the inflow 
increases and continues to be high, even 
when the stimulating effect of the subs- 
tances on the heart has ceased. 

It is important to insist on the fact 
that the increase in coronary flow due 
to Adr and Noradr is persistent. In 
the cases shown on fig. 4, for example, 
the maximum coronary flow increase 
obtained by administration of 0.1 and 


0.5 wg of Adr, was 13 and 29% res- 
pectively, which occurred 19 and 37 
seconds after injection, that is, after 
the cardiostimulating effects had dis- 
appeared. The delay in returning to 
the previous levels of coronary flow, 
varied in direct relation with the dose 
of Adr and Noradr administered. 

The coronary effect of the adminis- 
tration of Adr and Noradr (exogenous 
origin) is similar to that obtained when 
adrenergic cardiostimulants are set in 
action (endogenous -origin). In _ fact, 
when atropine (Atr) is added to the 
perfusion, the effects produced on the 
heart by both Ach and by vagal stimul- 
ation, are similar to those produced by 
Adr (8?). Furthermore, not only is there 
similarity in the cardiac action but also 
in coronary flow variations. In the ex- 
periment shown on Fig. 4 Atr was 
added in concentrations of 2.5 i107 
and the action of Ach and vagal sti- 


mulation were registered. Even when 


the concentration of Atr may not have 
been sufficient to abolish the inotropic 
effect on the auricle, stimulating effect 
on the ventricle and coronary flow 
variations are evident. 
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When Adr or Noradr are added in 
adequate concentrations to the per- 
fusion liquid, an increase in coronary 
flow occurs, which is similar to the one 
obtained with separate doses of the 
drugs. The increase in coronary flow 
may be observed while the augmented 
heart activity persists. 


Coronary reactions on the 
fibrillating heart 


The effects on Ach, Adr, Noradr and 
vagus stimulation on hearts with ven- 
tricles in fibrillation were studied; pre- 
cautions were taken to keep the auricles 
beating, so that they might serve as 
control for the experiments (Fig. 5). 

Although in these conditions, Adr 
produces a stimulating effect on the 
auricle, coronary reactions were con- 
siderably reduced in comparison with 
results obtained before fibrillation. 
When the auricles were subjected to 
fibrillation, the remaining coronary ef- 
fect diminished even more, or disap- 
peared completely. 

The duration of ventricular fibril- 
lation appears to be important in re- 
lation to coronary vessei reactivity. Adr 
is more effective the shorter the period 
between the beginning of fibrillation 
and the injection of the drug. The 
coronary action of Adr did not appear 
alter prolonged periods of fibrillation. 

Fibrillation increases with the ad- 
ministration of Adr or Noradr, and 
readings usually show a raise in the 
fibrillation base line; under these con- 
ditions there is a small reduction of 
inflow and a rapid increase of outflow. 
When the base line returns to normal, 
the characteristic increase of the total 
coronary flow is evident. 

When the heart fibrillates, isolated 
injections or perfusion of Ach deter- 
mine an increase in coronary flow 
(fig. 5). However, the effects were more 
noticeable when fibrillation was more 
recent than after prolonged periods 
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Fic. 5.— Coronary reactions to adrenaline and 
acetylcholine in: 
A: normal heart. 
B: heart with ventricular fibrillation. 
Recording as in Fig. 2. 


of fibrillation. Although possibly the 
increase in coronary flow is less evident 
than in a heart that beats normally, 
ihe action is more lasting and phase II 
of coronary flow reduction does not 
appear (fig. 5). 

Furthermore, if the vagus is stimul- 
ated while the ventricles are in fibril- 
lation, coronary flow barely changes, 
although a depressant effect on the 
auricles occurs, as shown in fig. 3. 

Variations in coronary reactivity to 
Adr, Ach, and vagus stimulation when 
the heart fibrillates are reversible. In 
fact, the administration of 0.2-0.3 ml 
of 10% KCI, stops fibrillation and 
restores normal cardiac rhythm; now 
the coronary reactions to the different 
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factors under study, recover the char- 
acteristics observed in the normally 
beating heart. 


Coronary flow in accelerated and 
slowed hearts 


The increase in cardiac frequency 
obtained with Adr, of endogenous or 
exogenous origin, may be imitated by 
warming the sinus node region. The 
results of this experiment on the cor- 
onary flow are shown in fig. 6. When 
tachycardia begins, a rapid reduction 
of inilow with an increase of outflow 
occurs, followed by a noticeable in- 
crease in total coronary flow which 
persists some time after sinus stimul- 
ation has ceased. This reaction, there- 
fore, is very similar to the variations 
of coronary flow obtained when the 
heart is accelerated with Adr or Noradr. 

Vagal bradycardia can also be imit- 
ated by cooling the sinus node. There 
is great similarity between the behavior 
of coronary vessels when the heart is 
depressed by stimulation of the vagus 
nerve or when the auricular pacemaker 
is cooled (fig. 6). It is important to 
insist once more on the fact that re- 
duction of coronary flow is the most 
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important reaction to prolonged brady- 
cardia. 

During ventricular fibrillation, the 
warming or cooling of the sinus node, 
determines an increase or decrease res- 
pectively, of auricular activity, but no 
changes in coronary flow occur (Fig. 6). 
When fibrillation is over and normal 
rhythm restored, typical coronary reac- 
tions to depression or acceleration of 
the cardiac rhythm may be observed. 


Coronary reactions during standstill 
or low cardiac rhythms 


We have previously shown that de- 
pressant effects on the ventricle, pro- 
duced by Ach or vagus stimulation, 
occur only when the ventricle is under 
the upper pacemaker. With infrasinusal 
rhythms, the ventricles do not respond 
to vagus stimulation nor to Ach, whe- 
reas reaction to Adr occurs as in normal 
conditions (6). On this basis, the atrio- 
ventricular conduction was interrupted 
by attrition or by injection of 3% 
procaine in the interventricular sep- 
tum. When attrition was applied to 
the septum, infranodal rhythm started 
immediately. When procaine was used, 
a prolonged ventricular standstill fol- 
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Fic. 6.— Coronary reactions after warming and cooling the sinus node in: 


A: normal heart. 


B: heart with ventricular fibrillation. 
Recording as in Fig. 2. 
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Fic. 7.— Coronary reactions following acetylcholine in: 


A: normal heart. 
B: procaine standstill. 


C: ventricular rhythm during procaine blockade. 


Recording as in Fig. 2. 


lowed; after some time, ventricular 
contractions with infrasinusal rhythm 
began. 

Fig. 7 shows that Ach does not 
modify infrasinusal rhythm, and the 
coronary reaction under such conditions 
is less evident but lasts longer in com- 
parison with the effects obtained before 
inducing the block. When Ach was in- 
jected during the cardiac standstill, the 
coronary effect was less marked than 
when the ventricle beated with infra- 
nodal rhythm. 

The action of Adr on the coronary 
vessels was evident only if the ventricle 
maintains rhythmic activity. Fig. 8 
shows that if the drug is adminis- 
tered during procaine-induced stand- 
still, there are no coronary vessel reac- 
tions, although the auricles clearly show 
the positive chronotropic and inotro- 
pic effects of Adr. 

When the vagus nerve is stimulated 
during atrioventricular block, the de- 


pressant effects are evident only in the 
auricle and fig. 3 shows that under 
these conditions there are no changes 
in coronary circulation. 

Therefore the response of coronary 
vessels to Ach, Adr, Noradr or vagus 
stimulation does not depend on_ the 
procedure used to induce cardiac block, 
since the results obtained were similar 
whether it was produced -by attrition 
on the interventricular septum or by 
procaine injection. 


DISCUSSION 


Coronary flow increases with the ad- 
ministration of single acetylcholine in- 
jections, and there is a certain dose- 
effect relationship. The threshold is 
lower for coronary action than for car- 
dio-inhibition and therefore, maximum 
coronary effects may be obtained when 
only a moderate cardiac depression oc- 
curs, Increase of coronary flow may also 
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Adr.0.05yq 


Fic. 8.— Coronary reactions following adrenaline in: 


A: normal heart. 
B: procaine standstill. 


C: ventricular rhythm during procaine blockade. 


Recording as in Fig. 2. 


be induced by maintaining bradycardia 
with acetylcholine perfusion. 

Worthy of notice is the fact that 
isolated doses of acetylcholine produce 
an initial increase of coronary flow 
(phase I) followed by a period of de- 
pression that lasts for some time after 
the regular heart rhythm has been res- 
tored (phase II). With acetylcholine 
perfusion there is no phase II of co- 
ronary flow reduction. The peculiar 
response observed when isolated doses 
of acetylcholine are administered might 
be due to the short action of the drug 
on the heart, which would allow the 
apearance of phase II. On the other 
hand, when acetylcholine is perfused, 
phase II might be veiled by the pro- 
longed action of the factors determining 
the increase of coronary circulation. 
The increase in coronary flow produced 
by acetylcholine is in agreement with 
reports by many investigators (° 12, 18, 


27, 28, 42, 49, 56, 61, 68) although a few 
contradictory results have been reported 
by others (°°: 69). 

Phase I of coronary flow variations 
produced by acetylcholine could be due 
to a reduction of tonus by a direct 
action of the drug on the smooth mus- 
cle of the vessels. The fact that phase I 
is relatively independent from the de- 
pressant effect on the ventricle, is in 
favor of this interpretation. The coro- 
nary dilating effect of acetylcholine 
appears to be in contradiction with 
results obtained in isolated coronary 
vessels of several species (man, guinea 
pig, sheep, ox), in which it induces vas- 
cular contraction (!°. 5°). However, the 
coronary vessels used were obviously 
different from the arterioles or pre- 
capillary sphincters, which are the ones 
most really involved in coronary flow 
regulation (5, 6), 

Acetylcholine also produced vasodi- 
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lating action on the fibrillating heart, 
although it was less evident than in 
the normal heart. Therefore we may 
say that during phase I, the decrease 
of extravascular support is possibly 
one of the factors responsible for the 
increase in coronary flow. On the other 
hand, fibrillation might have a_ten- 
dency to maintain the heart in a state 
of semipermanent contraction, and 
somehow offset the vasodilating action 
of acetylcholine. 

It is interesting to note that when 
the heart fibrillates or when the ven- 
tricles are at a standstill or beat with 
infrasinusal rhythm, or when the acetyl- 
choline doses are too small to modify 
ventricular contractions, the decrease of 
coronary flow (phase II) does not ap- 
pear. Phase I is prolonged as if there 
were no competition on the part of the 
mechanisms that determine a decrease 
in coronary flow. 

It is also significant that the small 
increase in coronary flow that occurs 
when the vagus nerves are stimulated 
probably depends on the reduction of 
extravascular support. This conclusion 
is based on the fact that variations of 
coronary flow appear only with con- 
curring variations of frequency and 
contractility of the heart. No coronary 
response to stimulation of the nerve 
is obtained in the fibrillating heart, 
when the ventricles are stopped or 
when under infrasinusal rhythm. The 
importance of the extravascular sup- 
port during phase I, after vagal stimul- 
ation, is emphasized because similar 
results are observed when cardiac ac- 
tivity is inhibited by cooling the sinus 
node; however when the heart fibril- 
lates, there is no coronary response 
after cooling the pacemaker. 

When the vagus nerves are stimulated 
for a long period and sustained brady- 
cardia is obtained, phase II of the 
coronary flow appears. A similar reac- 
tion occurs when the heart is inhibited 
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by cooling the sinus node. All these 
facts show that there is no direct in- 
fluence from cardiodepressant vagal 
fibers on the decrease of coronary flow. 
In this case it cannot be argued that 
extravascular support might be respon- 
sible for this action, since a decrease 
in extravascular support occurs which 
would tend to increase the flow. Fur- 
thermore, other authors have demons- 
trated that when the cardiac rhythm 
is artificially maintained at the same 
rate by the use of an electiical pace- 
maker, vagus stimulation has no effect 
on the coronary flow (°°). Therefore, 
the mecanisms that controls heart irri- 
gation during bradycardia, appear to 
be related with reduction of metabolic 
activity of the heart. Furthermore, it 
has already been demonstrated that 
during vagal depression of the heart 
there was a reduction of O, consump- 
tion (27), 


When cardiostimulation is obtained 
with adrenaline or noradrenaline, va- 
riations in coronary flow appear, begin- 
ning with a short phase I (small de- 
crease in inflow and increase in out- 
flow), followed by a phase II in which 
there is a prolonged increase in cor- 
onary flow. Under the influence of 
atropine, the cardioaccelerating action 
of the vagus nerve is unveiled (7: **) 
and coronary effects similar to those 
produced by adrenaline and noradre- 
naline occur. These results agree with 
the findings of many investigators who 
maintain that adrenaline increases cor- 
onary flow (9: 10, 12, 19, 23, 25, 35, 36, 41, 
44, 69). 


When cardioacceleration is induced, 
coronary filling is obstructed and at 
the same time the vessels are squeezed; 
this would explain the slight reduction 
of inflow and the increase of outflow 
in phase I. Such interpretation is streng- 
thened by the results of the experiments 
in which heart acceleration was _pro- 
duced by warming the sinus node. 
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There is a great similarity between 
‘ae changes in coronary flow that ap- 
pear when hyperactivity of the heart 
is produced by adrenaline, by stimul- 
ation of cardioaccelerating fibers in 
the vagus or by warming of the sinus 
node, and so it might appear that the 
reduced coronary tonus dominating 
phase II, depends more on the amount 
of heart activity than on the stimulus 
originating. this hyperactivity. It the- 
refore appears that any cause leading 
to an increase in heart frequency and 
contractibility may be responsible for 
a decrease in coronary tonus. 

It has already been established that 
cardiac sympathetic stimulation and 
adrenaline increase heart metabolism, 
and several studies have shown that 
there is a close relationship between 
heart metabolism and coronary tonus 
(2; 17, 38, 42, 43, 45-47, 51), It has also been 
demonstrated that when cardiac meta- 
bolism is blocked with cyanide, adrena- 
line does not induce coronary dilation, 
and flow is reduced (?°). 

This would be a reasonable expla- 
nation to the fact that coronary chan- 
ges due to cardio-accelerating and de- 
pressing vagus fibers, adrenaline and 
noradrenaline, appear only when there 
are clear cut changes in cardiac activity. 
This interpretation is based also on 
results obtained when ventricular ac- 
tivity is maintained independently from 
the one of the sinus pacemaker. 


Adrenaline intensifies fibrillation and 
increases auricular activity and the 
increase in metabolic activity might be 
responsible for the coronary response 
observed under these conditions. Mo- 
reover, when cardiac standstill is in- 
duced, adrenaline and noradrenaline 
do not modify coronary flow, although 
effects on auricular contractility are 
clearly evident. 

In the present study, many impor- 
tant factors in the regulation of the 
coronary flow were discarded 4.65), 
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The results obtained in experiments 
on perfused heart preparations may be 
somewhat limited. However, the pre- 
paration is simple enough to permit 


_ the measurement of mechanisms that 


may be easily veiled when a larger 
number of variables intervene. These 
results lead to the general conclusion 
that the heart has self-regulating mech- 
anisms which adjust the coronary flow 
to the requirements of cardiac activity. 

Cardiac nerves act on coronary cir- 
culation whenever they induce changes 
on heart activity, so that the mech- 
anisms regulating coronary flow are 
independent from the innervation of 
the heart. 

The existence in the heart of a servo- 
control mechanism may be useful in 
clearing certain discrepancies that ap- 
pear in the medical literature in refe- 
rence to coronary flow regulation, and 
might explain the mechanism of certain 
heart irrigation disturbances that until 
now have not been properly explained. 


SUMMARY 


Coronary inflow and outflow were 
recorded in isolated and perfused cat 
hearts. 

Single doses of acetylcholine produce 
coronary flow increases, which are in- 
dependent from depression of the heart; 
this reaction is followed by a phase of 
decrease in the coronary circulation, 
which depends on the intensity of heart 
inhibition. With acetylcholine perfus- 
ion, an increase of coronary flow occurs. 

The administration of adrenaline or 
noradrenaline produces a net increase 
of coronary flow; the intensity of this 
effect is intimately related with the 
degree of cardiostimulation induced by 
these drugs. The increase in coronary 
flow continues for some time after nor- 
mal cardiac rhythm is restored. 

Stimulation of the vagus nerves with 
sustained bradycardia, produces a small 
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initial increase in inflow followed im- 
mediately by a decrease in total cor- 
onary flow while bradycardia lasts. 

The cardiostimulating effect of the 
vagus nerve becomes evident when 
atropine is added to the perfusion, and 
under these circumstances, the coronary 
‘low reacts to nervous stimulus in the 
same manner as when adrenaline is 
injected, 

When the sinus pacemaker is depres- 
sed by cooling and braycardia appears, 
the changes in coronary flow are similar 
to those produced by stimulating the 
vagus. When the heart is accelerated by 
warming the sinus region, the coronary 
changes are similar to those produced 
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by adrenaline and noradrenaline. All 
reactions, except those due to acetyl- 
choline, are interpreted to be secondary 
to the cardiac changes, since they 
diminish or disappear when the ex- 
periments are repeated on hearts in 
fibrillation or with ventricular stand- 
still. 

Acetylcholine acts directly on the 
coronary vessels, since its pharmacologic 
action occurs whether the heart is fibril- 
lating or stopped. 

As a conclusion, it is assumed the 
existence of an intracardiac control 
mechanism which adjusts coronary flow 
to the changing conditions of heart 
activity. 
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DIRECT AND INDIRECT CORONARY REACTIONS DUE 
TO DIFFERENT VASOACTIVE FACTORS 


C. R. DouGias and J. TALESNIK 


(Department of Physiopathology, Medical School, University 
of Chile, Casilla 6510, Santiago de Chile) 


r has been previously stated that 
iI stimulation of the cardioexcitatory 
and cardioinhibitory vagal fibers, as 
well as injection of adrenaline and 
noradrenaline, produce coronary reac- 
tions similar to those obtained when 
cardiac activity is modified by increas- 
ing or decreasing the temperature of 
the sinus node (°). 

For this reason, it was concluded 
that the mechanisms controlling the 
coronary reactions are of a nonspecific 
nature, since the modifications in coro- 
nary flow depend more on the changes 
in cardiac activity than on the causes 
determining these changes, as it has 
been stated by other authors(!0, 12,26, 30), 

It has been suggested that the ad- 
justments of the coronary flow to the 
degree of heart activity depend on a 
servo-control system triggered by the 
cardiac metabolism. This hypothesis is 
based on experiments in which the in- 
fluence of the oxygen consumption 
in the regulation of the coronary tonus 
is emphasized (1. 14, 17, 22, 24, 27, 28, 33), 
It seemed, therefore, interesting to in- 
vestigate the influence that the oxygen 
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supply might have on the coronary 
reactions caused by the cardiac action 
and by certain physiologically impor- 
tant vasoactive substances that may, or 
may not, affect the function of the 
heart. 


METHOD 


Experiments were made on 43 male 
and female cats weighing between 1100 
and 3000 g. The coronary system was 
perfused in the isolated heart using 
the Langendorff preparation. The heart 
activity and the coronary flow were 
recorded by the method described in 
a previous publication (°). 

The electrogram was also recorded 
with one electrode near the left auricle 
and the other on the pericardium, ap- 
proximately in the center of the right 
ventricle. 

The perfusion fluid was maintained 
at 38°C and at a pressure of 40 mm Hg. 
Tyrode solution (*) was used; bovine 
erythrocytes, washed and in concen- 
trations between 3 and 10°, were 


(*) The composition of the Tyrode solution 
is described in 


‘ 
‘ 1. 
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added. In some experiments the 
oxygen-carrying function of the red 
cells was impeded by bubbling coal 
gas into them, then washed and sus- 
pended in Tyrode solution. In every 
case the perfusion was performed with 
solutions in which O, 95 °% and CO, 
5° was bubbled. 

The different doses of adrenaline 
(0.05 to 0.5 ng), noradrenaline (* *) (0.01 
to 0.5 wg), serotonin (***) (1 to 20 ng), 
vasopressin(****) (0.1 to 1 U), histamine 
(1 to 10 yg) and angiotensin (*****) 


We are grateful to these laboratories for 
their kind supply of the above substances. 


(0.01 to 0.5 wg), were injected into the 
aortic cannula in constant volumes of 
0.1 mi. 

The cardiac rhythm was also modi- 
fied by decreasing or increasing the 
temperature of the sinus node with a 
double current thermode. 


RESULTS 
Adrenaline and noradrenaline 


The injection of adrenaline (Adr) 
or noradrenaline (Noradr) produces the 
well known positive inotropic and 
chronotropic effects. When the effect 
begins, the first phase of the coronary 
reaction appears, rapidly followed by 
the second phase, which is more im- 
portant and is evidenced by increase 
of the inflow with concomitant in- 
crement of the outflow (fig. 1 and 2). 
The greatest changes in the contrac- 
tions of the heart take place in ap- 
proximately half a minute. In order 
to simplify the objective expression of 
the results these are represented as a 
function or an index of the cardiac 
activity; this index of cardiac activity 

(**) Levophed Winthrop. 

(***) Serotonin Creatin Sulphate Abbott. 

(****) Pitressin Parke Davis. 

(*****) Hypertensin Ciba. 
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indicates the product of the heart rate 
by the average contraction amplitude 
registered during the first 30 seconds 
after the injection. 

To calculate the changes in coronary 
flow, the area of inflow increase was 
measured with a planimeter. The area 
to be measured is the section included 
between the beginning of the increase 
and a perpendicular to the base drawn 
at the time of maximum increase in 
coronary flow. The average increase 
in coronary flow per minute, was cal- 
culated from the calibration of the 
flowmeter at each opportunity. 

Fig. 3 shows a typical experiment 
where the relation between the dosage 
of Adr and Noradr, and their effect 
on the index of cardiac activity and 
coronary flow is established. From this 
it is concluded, that there are no dif- 
ferences between the action of Adr and 
Noradr. Furthermore, it is evident that 
when there is an increase in dosage, 
there is also an increment of heart 
activity with a parallel increase in 
coronary flow. 

Figs. 1, 2 and 3 show that Adr and 
Noradr determine much greater in- 
creases in coronary flow when the heart 
is perfused with plain Tyrode solution 
than when red cells have been added 
to the perfusion fluid (fig. 3). This 
difference is more relevant since the 
degree of cardiac activity is the same 
under both types of perfusion. 

The electrograms taken at the mom- 
ents indicated in fig. 1 and 2 show 
that with Tyrode perfusion, the heart 
hyperactivity is followed by low voltage, 
flattening or inversion of the T wave, 
and often S-T segment changes. These 
electrographic alterations are greater 
when the doses of Adr and Noradr are 
increased; electrographic normalization 
begins after the coronary flow has 
reached the maximum level induced 
by each dose. 

It is worth noticing that the inten- 
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Fic. 1.— Coronary reactions to adrenaline (Adr) 
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in a heart perfused with Tyrode and with 


10% red cells. From top to bottom: electrogram, coronary inflow, coronary outflow, auricular 

and ventricular contractions. On the left side calibration of the inflow and on the right cali- 

bration of the outflow (ml/min). The numbers at the foot of the figure show the time when 
the electrograms were taken. 
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Fic. 2.— Coronary reactions to noradrenaline (Noradr) in a heart perfused with Tyrode and 
with 10%, red cells (Symbols as in Fig. 2). 


sity of the electrographic disturbances 
varies from one experiment to another, 
but is consistent in one same ex- 
periment at equal doses of Adr and 
Noradr. 

When the heart is perfused with red 


cells, low doses of Adr and Noradr 
(0.05 yg) (fig. 1 and 2) do not cause 
the electrograms to vary; with higher 
doses (0.5 yg), they are only slightly 
modified. At any rate, the variations 
are insignificant in comparison with 
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Fic. 3. — Relation between dosage of adrenaline 
and noradrenaline on the coronary flow and in- 


dex of cardiac activity. Description in the text. 


those obtained when the heart is per- 
fused with Tyrode alone. 

The first phase of coronary response 
that appears in the inflow, when the 
cardiac activity increases by the effect 
of Adr and Noradr, is also modified 
when red cells have been added to the 
perfusion fluid. In fig. 1 and 2 it can 
be seen that the early reduction of 
the coronary inflow is greater and 
persists longer than with Tyrode per- 
fusion. The influence of the perfusion 
with red cells on the coronary response 
to Adr is evident when, for instance, 
5°, erythrocytes are added to the per- 
fusion fluid; increase of coronary flow 
is less marked than when the perfusion 
was carried out only with Tyrode. It 
the erythrocyte concentration in- 
creased to 10° the increase of the 
coronary inflow practically disappears 
(fig. 4). 

The effect of the red cells can be 
appreciated only if their oxygen carrier 
function is intact, since, as shown in 
fig. 5, when 10°, red cells previously 
treated with coal gas are perfused, the 
increase in coronary flow is similar to 


DOUGLAS AND TALESNIK 


that resulting when the heart is per- 


fused only with Tyrode. Moreover, 
electrographic alterations similar to 
those described when the perfusion 


was performed with Tyrode alone are 
registered. When the red cells are able 
to carry oxygen, there is not only less 
increment of the coronary flow, but few 
signs of abnormality in the electrogram 
appear. 


Warming the sinus node 


In fig. 6 an experiment is shown in 
which tachycardia was induced by war- 
ming the sinus node. When the per- 
fusion is carried out only with Tyrode 
solution, the increased cardiac activity 
is accompanied by changes of the 
coronary inflow and outflow similar 
to those obtained when Adr or Noradr 
are administered. With the acceleration 
of the cardiac rhythm, modification of 
the electiogram can be observed and 
ii: the example shown, inversion of 
the T wave is recorded. 

When the heart is perfused with 
10°, red cells, and the rhythm is ac- 
tivated as before, the coronary flow 
shows a slight increase. 

It is noticeable in the same fig. 6 
that in this condition, in spite of the 
intense tachycardia, there are no dis- 
turbances on the ST segment nor on 
the T wave. 


Serotonin 


Serotonin injection (5 H-T) to the 
heart perfused with Tyrode solution, 
induces increased coronary flow, simul- 
taneously with an increment of the 
cardiac activity, as can be seen in fig. 7. 
The increase in cardiac activity refers 
particularly to the frequency of the 
heart; the inotropic action can only 
be obtained when high doses of the 
substance are administered. The elec- 
trogram obtained in these conditions 
shows alterations often characterized 
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Fic. 4.— Coronary reactions to adrenaline (Adr) in a heart perfused with: 
A: Tyrode solution. B: 3% red cells. C: 10%, red cells. 
Recording as in Fig. 1. 


Fic. 5.— Coronary reactions to adrenaline (Adr) in a heart perfused with 10% red cells: 
A: Erythrocytes treated with coal gas. B: Normal erythrocytes. 
Recording as in Fig. 1. 
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Fic. 
A: Tyrode 
B: 10% red cells. 


solution 


6.— Coronary reactions following warming the sinus node in a heart perfused with: 


C: Shows the duration of sinus s:imulation, 


Recording as in Fig. 


by ce ae or even inversion of the 
T wave 7). 

When pe cells were added to the 
perfusion, the 5 H-T effects on the car- 
diac activity is of the same magnitude, 
but this time the coronary flow showed 

less marked increase or even no res- 
ponse at all. In this condition, the 
electrographic recording does not show 
changes in voltage nor in the general 
pattern of the waves. 


fig, 


\ 
Angiotensin 


Angiotensin (Angt) injected in sin- 
gle doses of 0.01-0.5 yg induces cardiac 
hyperactivity, particularly relevant on 
the intensity of the contractions. As 
can be appreciated in fig. 8, the action 
of Angt develops after a prolonged 
latency period and lasts for a relatively 
long time after the injection. In con- 
ditions of perfusion with pure Tyrode 
solution, Angt causes an early reduc- 
tion of the coronary flow; the intensity 


f. 


of this effect is greater the higher the 
dose of Angt. Following the reduction 
of the coronary inflow and outflow, a 
second phase develops characterized by 
increased coronary flow. 

During the decreased coronary flow 
produced by Angt, electrographic al- 
terations of the IT wave and ST 
ment changes are obtained (fig. 8). The 
changes in the electrogram are more 
marked at the moment when the re- 
duction of the coronary flow reaches 
its maximum; moreover, there 
tendency to a normalization of the elec- 
trogram when the phase of increment 
of the coronary flow begins. 

When Angt is injected to hearts 
perfused with 10% red cells, the heart 
activity increases in the same way as 
when perfused with plain Tyrode 
solution; but this time only a reduced 
coronary flow is registered. The reduc- 
tion keeps for a relatively longer time 
than, before red cells were added to 
the perfusion and no signs of the 
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Fic. 7.— Coronary reactions to serotonin (5 H-T) in a heart perfused with: 


A: Tyrode solution. B: 10% red cells. 
Recording as in Fig. 1. 
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2 3 4 
Fic. 8.— Coronary reactions to angiotensin (Angt) in a heart perfused with: 


A: Tyrode solution. B: 10% red cells. 
Recording as in Fig. 1. 
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second phase can be seen (fig. 8). In 
addition, the diminished coronary flow 
due to Angt is not followed by electro 
graphic alterations as in the heart per- 
fused only with Tyrode. 


Vasopressin and histamine 


In fig. 9 and 10 experiments on 
the action produced by _ vasopressin 
(Vasopr) and histamine (Hist) are 


shown. Vasopr reduces, while Hist 


increases, the coronary flow quite in- 


2 : 


Vasopr u 
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The 
remain 


actions of Hist and Vasopr 
unchanged irrespective of the 
perfusion being carried out with 
Tyrode solution or with added ery- 
throcytes. Moreover, in some instances 
the coronary effects could be enhanced, 
particularly for Vasopr. 


DISCUSSION 
In a former paper an extensive dis- 


cussion on the relationship between 
the heart activity and the coronary re- 


4 
Vasopr. 0.1 u 


Fic. 9.— Coronary reactions to vasopressin (Vasopr) in a heart perfused with: 


A: Tyrode solution. 


B: 10% erythrocytes. 


Recording as in Fig. 1. 


dependently from modificatiens of the 
cardiac activity. It is worth noticing 
that no effects on the electrogram are 
detected, and if any, they are negligible, 
even in experiments in which the 
coronary flow was markedly reduced 
with Vasopr for a relatively long time. 


actions was reported. The enhanced 
coronary flow that follows the increased 
cardiac activity was regarded as an 
adaptative reaction in which a servo- 
mechanism closely related with the 
heart metabolism would be involved (°). 

From the experiments described in 
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the present paper the definite conclus- 
sion to be drawn is that the increased 
coronary flow due to increment of the 
heart activity is lessened by adding red 
cells to the perfusion fluid; on the other 


2 3 4 


reactions to histamine 
(Hist) in a heart perfused with: 

A: Tyrode solution, 

B: 10% red cells. 

Recording as in Fig. 1. 


Fic. 10.—Coronary 


hand, substances like histamine, vaso- 
pressin and angiotensin maintain their 
vasoactive properties on the coronary 
tonus even when erythrocytes are added 
to the Tyrode solution. 

It could be argued that the red cells 
may act through some mechanism un- 
related with its properties as oxygen 
carriers, for instance, by modifying the 
viscosity and that the coronary reac- 
tions could consequently ve interfered 
with. This question may be answered 
with the experiments where the red 
cells were rendered ‘‘useless’” with car- 


bon monoxide; in this condition the 
coronary flow behaved as when only 
Tyrode was used as perfusion fluid. 
The importance of red cells as oxygen 
carriers is further emphasized by the 
experiments in which its concentration 
in the perfusion fluid was varied: the 
coronary reactions secondary to enhan- 
ced cardiac activity decreases in pro- 
portion with the increase of red cells 
concentration in the perfusion fluid. 
Therefore the trigger effect of the 
metabolic activity on the mechanism 
of coronary adjustment is shown when 
different amounts of oxygen are of- 
fered to the heart. In this respect it 
is convenient to remember that the 
relation dose/effect of adrenaline or 
noradrenaline, on the cardiac activity 
is the same if the heart is perfused 
with Tyrode or with added erythro- 
cytes. The magnitude of coronary flow 
increment at the same degree of cardiac 
hyperactivity is higher the lower the 
amount of oxygen offered to the heart. 

Since the decreasing effect of oxygen 
supply on the coronary reaction ma- 
nifests itself similarly when the in- 
creased cardiac activity is due to adre- 
naline, noradrenaline, serotonin or 
warming of the sinus node, the con- 
clussion could be infered that the de- 
mands upon the vasodilatation me- 
chanisms are less when the available 
oxygen is increased. 

Cardiac hyperactivity increases the 
oxygen consumption (2; 5; 15, 26, 30, 31, 33), 
and consequently, the vasodilatation 
could be regarded as a compensatory 
mechanism set forth by the relative 
hypoxia that would result from an 
unbalance between supply and oxygen 
requirements (*- 4, 5, 7, 11, 16, 20), 

The electrographic recordings seem 
to support this view since the alter- 
ations of the ST segment or the T wave 
have been interpreted as secondary to 
the disturbance of the repolarization 
due to hypoxia (° °°), In addition, the 
greatest alterations of T are observed 


— 
> 
p 
YAR 
' 2 3 4 
Hist, Hist.O1 yg. 


996 


when the cardiac hyperactivity was 
produced in hearts perfused with pure 
Tyrode solution. The electrogram tends 
to become normal once the coronary 
flow increases over a certain range. The 
increased oxygen requirements would 
be balanced this time, and if a certain 
oxygen debt occurred during the first 
stage of the heart hyperactivity, it was 
paid for by the increased coronary 
flow. 

The first phase of the coronary re- 
action to increased cardiac activity 
characterized by diminished coronary 
inflow, is enhanced when the heart is 
perfused with red cells; the tentative 
explanation for this would be that a 
smaller vasodilating action due to the 
greater oxygen supply would compete 
with the increased “vascular support” 
responsible for this effect (16 19 23), 

On the other hand, there are agents 
that can produce coronary vasodila- 
tation or vasoconstriction quite inde- 
pendently of their effects on the heart 
contractions (#4). 

It is interesting to state that neither 
the vasodilator action of histamine 
(73.29) nor the vasoconstrictor action 
of vasopressin (13, 18, 21, 25, 32, 35) are an- 
tagonized by increasing the oxygen 
supply. This shows that the mechanisms 
involved in the changes of the coronary 
tonus are of a different nature from 
those put into play during the adap- 
tation process secondary to cardiac 
hyperactivity. Moreover, perfusion with 
red cells may even increase the vaso- 
pressin response; no satisfactory ex- 
planation for this potentiating effect 
can be given so far, 

The importance of angiotensin on 
the coronary flow is obvious. The point 
should be stressed that there is no doubt 
that the main effect of the substance 
is to reduce the coronary flow. The 
only difference found in the heart 
perfused with Tyrode or with erythro- 
cytes is that the vasoconstriction is 
followed by a certain degree of de- 
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creased tonus when the perfusion is run 
only with Tyrode solution. This dilator 
effect could perfectly well be due to 
the increased cardiac activity induced 
by larger amounts of angiotensin. Since 
the enhancement of the coronary flow 
is lessened when red cells are added 
to the perfusion, one is bound to think 
that the increment in coronary flow 
is of an unespecific nature similar to 
those developed when the hyperactivity 
of the heart is produced by warming 
the sinus node. 

The vasoconstriction due to angio- 
tensin is followed by electrographic 
alterations only when the heart is per- 
fused with Tyrode solution, at least in 
the dose range of angiotensin used 
in these experiments. The alterations 
of the electrogram could be a manifes- 
tation of hypoxia developed by hyper- 
activity of the heart associated with 
vasoconstriction, in conditions of low 
supply of oxygen; in support of this 
interpretation lies the fact that when 
red cells were added to the perfusion 
fluid, no signs of altered electrogram 
were seen, although the vasoconstriction 
lasted longer. 

The hypothesis that explains the 
coronary adjustments as dependent on 
the oxygen defficiency seems, never- 
theless, to be incomplete. In fact, the 
general purpose of the vascular adap- 
tation reactions tends to anticipate hy- 
poxia. Therefore, the intracardiac servo- 
mechanism that adapts the coronary 
flow should prevent the damage, instead 
of being derived from the hypoxia 
itself. The possible importance of a 
servo-mechanism that adjusts the coro- 
nary flow to increased cardiac activity 
seems undeniable. 


SUMMARY 


When the activity of the heart is 
enhanced with adrenaline or noradre- 
naline, there is an increase in the total 
coronary flow with a direct dose/effect 
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relationship. Increase in coronary flow 
is also induced when the cardiac ac- 
tivity is accelerated with serotonin. 

The coronary reactions to adrenaline, 
noradrenaline and serotonin is ap- 
parently nonspecific, since the same 
reaction can be obtained if the heart 
is accelerated by warming the sinus 
node. The enhanced coronary flow that 
follows the cardiac hyperactivity seems 
to be related to the increased meta- 
bolism of the heart; the magnitude of 
the coronary and electrographic mani- 
festations is inversely related with the 
concentration of erythrocytes in the 
perfusion fluid. 

The main action of angiotensin is 
a constriction of the coronary vessels. 
Histamine vasodilatation and vasopres- 
sin constriction was also found. The 
experiments lead to the conclusion that 
these substances have a direct effect 
on the coronary tonus. 

The existence of an intracardiac ser- 
vo-mechanism that adapts the coronary 
flow to increased demands of oxygen 
is discussed. 
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FACTORES QUE MODIFICAN EL FLUJO CORONARIO 
MEDIO EN EL CORAZON AISLADO DE PERRO 


E. Loprz Mrenpoza y DAisy BENITEZ ALBANEs (*) 


(Departamento de Fisiologia, Instituto Nacional 


L flujo coronario medio del ma- 
E mifero, incluyendo al hombre, ha 
sido estudiado por numerosos investi- 
gadores por medio de técnicas experi- 
mentales y métodos de medida muy 
variados (5. 6, 14, 17, 26, 29, 30, 31, 10), No 
obstante las discrepancias en resultados 
e interpretaciones que se encuentran en 
los trabajos publicados, es posible con- 
cluir que la circulacién coronaria esta 
condicionada por diversos factores entre 
los cuales sobresalen la presién de per- 
fusion, la frecuencia de contraccién del 
corazon, el gasto cardiaco, el trabajo 
efectuado por el ventriculo, los meta- 
bolitos, la adrenalina y los vasomotores 
del simpatico y del parasimpatico. 

El efecto de cada uno de los facto- 
res senalados no se ha establecido de- 
finitivamente, como se desprende de 
los resultados discordantes de Anrep 
y Hausler (®), Gregg (8) y Laurent ét 
al. (8°) con respecto a la influencia de 
la frecuencia de contraccién y de los 
resultados de Anrep y Hausler (°) y 
de Garcia Ramos, Alanis y Rosen- 
blueth ('4), con respecto a las modifi- 
caciones del flujo coronario durante la 
fibrilaci6n ventricular. Como probable 
explicacion de estas discrepancias puede 

(*) Becada de la O.E. A. Instituto de Fisio- 
logia, Universidad de Chile. Santiago de Chile. 
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mencionarse el hecho de que en la ma- 
yoria de las preparaciones experimen- 
tales utilizadas, los resultados obtenidos 
corresponden a la intervencién simul- 
tanea de dos o mas factores, lo que 
dificulta e incluso puede falsear la in- 
terpretacién. Por otra parte, el empleo 
de liquidos de perfusidn constituidos 
por soluciones fisioldgicas 0 sangre des- 
fibrinada y oxigenada artificialmente, 
puede ser un factor de detrimento de 
las condiciones del corazén, y puede 
influir sobre los resultados obtenidos. 

Teniendo en cuenta lo anterior, se 
consideré conveniente estudiar el flujo 
coronario en una preparaciOn que per- 
mitiera controlar eficazmente la presién 
de perfusion, la frecuencia cardiaca y 
el trabajo ventricular y en la que, ade- 
mas, la nutricidn del corazén fuera 
adecuada. 


Fn cada experimento se utilizaron 
tres perros adultos, anestesiados con 
pentobarbital (30 mg/kg) y hepariniza- 
dos (10 mg/kg). Uno de los animales 
fué empleado como donante, otro para 
aislar el coraz6n y el tercero fué san- 
grado para lIlenar el circuito de _per- 
fusion. 

La preparacioén ha sido descrita en 
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publicaciones previas de este Departa- 
mento (!4, 35, 36) y fué la utilizada origi- 
nalmente por Heymans y Kochman (?*). 
Para los presentes experimentos se in- 
trodujeron las modificaciones esquema- 
tizadas en la figura |. El perro donador 
(D) proporcionaba sangre arterial a tra- 
vés del tubo A, conectado a su carétida, 
al recipiente BR; de este recipiente pa- 
saba la sangre a la aorta del corazon 
receptor por medio de un sistema de 
tubos de plastico y vidrio en el que se 
encontraban intercalados un serpentin, 
colocado dentro de un baho de tempe- 
ratura constante (CTB), y un mano- 
metro M. 

La sangre que Ilegaba al ventriculo 
derecho después de haber recorrido el 
circuito coronario se drenaba bajo pre- 
sion negativa por medio de una canula 
introducida a la cavidad ventricular; 
se media el flujo con un aparato de 
Condon (FR) y se reintegraba esta san- 
gre al perro donador a través del em- 
budo F. La presién de perfusién se 
control6 mediante la altura a la cual 
se colocaba el recipiente BR y por el 
nivel de sangre dentro del mismo; este 
ultimo fué regulado por la pinza del 
tubo A, de manera que sus variaciones 
fueran menores que | cm. En esta for- 
ma se mantenia constante la presién 
de perfusién. Su valor fué en gene- 
ral de 100 mm Hg. La presién en el 
sistema coronario se mididé continua- 
mente con el manémetro M. Modifi- 
cando la altura del recipiente BR fué 
posible estudiar la influencia de los 
cambios de presién de perfusidén. 

Se hizo trabajar al ventriculo de dos 
maneras; una en contraccién isoténica 
utilizando el método del resorte des- 
crito por Rosenblueth, Alanis y Ru- 
bio (*4); otra en contraccién isométrica 
siguiendo el método de presién descrito 
por los mismos autores (*°), El primer 
método consiste esencialmente en apli- 
car pesos al ventriculo por medio de un 
resorte largo unido a una pinza de ra- 
mas planas y anchas que se sujeta fir- 
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memente a la punta del corazon. El 
punto de apoyo para la contraccién 
ventricular se logra fijando la base del 
corazon a un soporte adecuado. El re- 
gistro de la contraccion isoténica se 
hace fotografiando el desplazamiento 
de un rayo luminoso que sigue las ex- 
cursiones de una placa ranurada inter- 
puesta entre el resorte y la pinza. El 
segundo método consiste, en resumen, 
en medir los cambios de presidn que se 


Fic. 1.—Esquema de la preparacién experi- 
mental utilizada. Explicacién en el texto, 


producen en el ventriculo cuando éste 
se contrae isométricamente. Se coloca 
al corazon dentro de un frasco hermé- 
tico (fig. 1) y se impide el drenaje de 
la sangre venosa hacia el medidor FR. 
En estas condiciones el volumen ven- 
tricular aumenta en proporcién directa 
a la magnitud del gasto coronario. El 
cambio de volumen se registra con el 
pletismégrafo PL y los cambios de pre- 
sién originados por la contraccién ven- 
tricular por medio del transductor PT. 
Cuando se usd este método el trans- 
ductor fué alimentado con corriente 
alterna (50 ciclos, 6.5 V) y las diferen- 
cias de potencial obtenidas se hicieron 
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pasar por tres etapas simétricas de am- «™ 


plificaci6n y fueron registradas en un 
oscilégrafo de rayos catdédicos. 

coraz6n fué estimulado con pulsos 
rectangulares de intensidad tres veces 
umbral procedentes de un estimulador 
electronico (Grass, Modelo $4), aplica- 
dos en algunos casos a la orejuela au- 
ricular derecha y, en la mayoria, al epi- 
cardio ventricular derecho. En algunos 
corazones se destruyé por machacamien- 
to el nodo senoauricular con objeto de 
poder estimular a frecuencias inferiores 
a las del marcapaso natural. En esta 
forma fué posible cambiar la frecuen- 
cia de contraccién dentro de margenes 
amplios. Cuando se desed provocar fi- 
brilacién ventricular se aumento la fre- 
cuencia de estimulacién al ventriculo 
hasta ocho o diez por segundo sin mo- 
dificar la intensidad de los estimulos. 
Las inyecciones de adrenalina y acetil- 
colina se hicieron en un sitio préximo 
a la canula adrtica del corazon recep- 
tor, por medio de una bomba de velo- 
cidad de inyeccién constante. La tem- 
peratura de la sangre de perfusién se 
mantuvo en 36°C + 0.5°C. 

El consumo de oxigeno del corazén 
receptor fué calculado a partir de los 
valores de flujo coronario en cc/min 
y de la diferencia arterio-venosa de oxi- 
geno. Las muestras de sangre arterial 
y venosa se tomaron simultaneamente 
de puntos muy pr6éximo al corazoén re- 
ceptor y su contenido de oxigeno fué 
medido segiin el método polarografico 
de Baumberger 


RESULTADOS 


1. Efectos de los cambios de frecuen- 
cia. Los efectos producidos por los cam- 
bios de frecuencia se estudiaron man- 
teniendo constantes la presidn de per- 
fusion y la carga contra la cual se 
contraia isotonicamente el ventriculo y 
estan ilustrados en las figuras 2 y 3. En 
el experimento ilustrado en la figura 
2 los cambios de frecuencia se hicieron 
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100 150 200 250 
Fic. 2.— Modificaciones del flujo coronario en 
funcién de los cambios de frecuencia. La pre- 
sién de perfusién y la carga ventricular se 
mantuvieron constantes. La linea corresponde 
al calculo estadistico de los puntos marcados 
en la grafica. Ordenadas: flujo coronario en 
cm3/min; abscisas: frecuencia cardiaca por 

minuto. 


a partir de un valor minimo de 56/min 
(frecuencia basal); se procedié a aumen- 
tar, progresivamente, hasta 240/min y, 
a continuacion, se regres6 también pro- 
gresivamente a la frecuencia basal. Des- 
pués de cada modificacién de la fre- 
cuencia se dejé pasar tiempo suficiente 
para que el flujo coronario se estabi- 
lizara. 

La relacién entre la frecuencia y el 
flujo es lineal dentro de ciertos limites. 
Sin embargo, en algunos experimentos 
pudo observarse que la relacién lineal 
se perdia para frecuencias bajas (90/ 
/min como promedio); en estas condi- 
ciones los cambios de frecuencia pro- 
vocaron cambios muy pequenos en el 
flujo coronario (menores que 5 por 
ciento). Con frecuencias altas, superiores 
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Fic. 3.— Cambios en el flujo coronario y en 
el consumo de oxigeno provocados por modi- 
ficaciones en la frecuencia cardiaca. Los circu- 
los (OQ) corresponden al flujo coronario; los 
puntos (@) al consumo de oxigeno. La presién 
de perfusién y la carga ventricular se man- 
tienen constantes. Ordenadas: escala de la iz- 
quierda, flujo coronario en cm3/min; escala 
de la derecha, consumo de oxigeno en cm3/min. 
Abscisas: frecuencia cardiaca por minuto. 


a 225/min, se observé una disminucién 
de flujo (fig. 3). 

En la relacién flujo-frecuencia el au- 
mento promedio de flujo alcanzé valo- 
res por encima del 100 por ciento. 

El consumo de oxigeno también se 
elevO al aumentar la frecuencia de es- 
timulacién. En la mayoria de los ex- 
perimentos la relacién entre aumento 
de frecuencia y aumento de consumo de 
oxigeno fue similar a la ilustrada en 
la figura 3. 

2. La fibrilacién ventricular, Los efec- 
tos producidos por la fibrilacién ven- 
tricular, tomando como referencia las 
condiciones previas a la iniciacién del 
fendmeno, estan ilustrados en las gra- 
ficas de la figura 4. En un primer gru- 
po de corazones se produjo aumento 
inmediatamente después de iniciada la 
fibrilacién (Fig. 4A); el aumento fué 
de pequena magnitud (menos del 10 
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Fic. 4.—El flujo coronario durante la fibrila- 
cidén ventricular. Esta figura ilustra los cambios 
de flujo coronario (0) y de consumo de oxi- 
geno (@) durante la fibrilacién ventricular. 
Los primeros simbolos sobre la ordenada indi- 
can valores promedio previos a la iniciacién 
de la fibrilacién. En A la frecuencia cardiaca 
previa fue de 138/min; en B de 260/min; en 
C, de 160/min. La presién de perfusion y la 
carga ventricular se mantienen constantes. Or- 
denadas: flujo coronario en cm3/min (escala 
de la izquierda); consumo de oxigeno en 
cm3/min (escala de la derecha). Abscisas: tiem- 
po en minutos. 


por ciento) y de corta duracién (30 seg 
por término medio) y fué seguido de 
disminucién progresiva hasta alcanzar 
valores por debajo de la cifra inicial, 
en el curso de dos minutos. 

En un segundo grupo de corazones 
la iniciacién de la fibrilacién se acom- 
pando, de inmediato, de disminucién del 
flujo coronario (Fig. 4B). Esta dismi- 
nuciOn alcanz6 un valor porcentual pro- 
medio de 15 con valores extremos de 
28 por ciento y 6 por ciento. Tanto en 
el primero cuanto en el segundo grupo 
el descenso maximo se ilcanzé entre 
30 seg y 60 seg y se mantuvo durante 
todo el tiempo que duré la fibrilacién. 

En un ultimo grupo de corazones el 
flujo coronario no presenté cambios o 
se modificé en muy pequena propor- 
cién (5 por ciento). 
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En general, el consumo de oxigeno 
disminuyo en el curso de la fibrilacién 
ventricular. Sus valores mas bajos coin- 
cidieron con el mejor flujo corona- 
rio. Sin embargo, en algunos corazones 
el consumo gaseoso no se modificd 
(Fig. 4 C), aun cuando el flujo corona- 
rio disminuy6 en un 20 por ciento. 
En estos casos la concentracién venosa 
de oxigeno decrecié con el consiguiente 
aumento de la diferencia arterio-venosa 
del mismo gas. 

3. Cambios en la presion de perfu- 
sion. Cuando se modificé la presién de 
perfusion manteniendo constante las 
otras variables, se observaron cambios 
en el gasto coronario cuya magnitud y 
direccién fueron condicionadas por los 
cambios de presién. A cada corazon se 
le hizo, por lo menos, una serie de dis- 
minuciones seguida de una serie de au- 
mentos en la presidn de perfusidn, de- 
jando que entre cada cambio trans- 
curriera el tiempo necesario para la es- 
tabilizaci6n frente a las nuevas condi- 
ciones. La disminucién de presidn de 
perfusion provocé disminucién de flujo 
coronario en tanto que el aumento de 
presion produjo aumento de flujo; la 
relacién entre las dos variables se apro- 
xima a la exponencial (Fig. 5). 

En todos los casos el trabajo efectua- 
do por el coraz6n (amplitud de con- 
traccion por carga ventricular), no fué 
modificado por las variaciones de pre- 
sion. 

Las medidas de consumo de oxigeno 
efectuadas durante estos experimentos 
pusieron de manifiesto que al aumen- 
tar la presion de perfusién hay un in- 
cremento del consumo gaseoso cuya 
magnitud, tomando como referencia el 
consumo a la presion mas baja (40- 
50 mm Hg), alcanzé valores porcentua- 
les de 45.6 como promedio con extre- 
mos de 19 y 69 en el momento de la 
maxima presion (140-150 mm Hg). Es- 
tos hechos estan ilustrados en la figu- 
ra 5. 

4. Cambios del trabajo ventricular. 
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Fic. 5.— Cambios en el flujo coronario indu- 
cidos por modificaciones en la presion de per- 
fusion. El flujo coronario se representa por 
circulos (Q); el trabajo ventricular por tridn- 
gulos (A) y el consumo de oxigeno por pun- 
tos (@). El significado de estos simbolos es 
el mismo para las figuras siguientes. La fre- 
cuencia cardiaca y la carga ventricular se man- 
tuvieron constantes. Ordenadas: trabajo ven- 
tricular en kgcm (escala de la izquierda); flujo 
coronario en cm3/min (escala del centro) y con- 
sumo de oxigeno en cm3/min (escala de la dere- 
cha). Abscisas: presion de perfusién en mm Hg. 


A) Trabajo en contracciones tsoténicas. 
Manteniendo constantes la presién de 
perfusién y la frecuencia cardiaca, se 
observ6 que al aumentar la carga (mé- 
todo del resorte), el trabajo aumentaba 
considerablemente en tanto que el flujo 
permanecia estable (Fig. 6). Los cam- 
bios de carga se hicieron en series su- 
cesivas de increniento y decremento, de- 
jando pasar entre cada cambio el tiem- 
po suficiente para la estabilizacion del 
corazon frente a las nuevas condiciones. 
Puede apreciarse en la grafica senalada 
que aun cuando el trabajo ventricular 
aumento en un 500 por ciento, las va- 
riaciones del flujo coronario no fueron 
mayores de 5 por ciento con respecto 
al flujo previo a los cambios de carga 

Con el aumento de trabajo se obser- 
vo, en general, aumento en el consumo 
de oxigeno (Fig. 7). En el experimento 
representado en esta figura, la carga se 
aumento a partir de un peso de 500 g 
(carga. basal), Para un incremento de 
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Fic. 6.—El flujo coronario y el trabajo ven- 
tricular durante contracciones isoténicas (mé- 
todo de los resortes). La carga ventricular se 
aumenté progresivamente; la presién de perfu- 
sién y la frecuencia cardiaca se mantuvieron 
constantes. Simbolos como en la figura 5. Or- 
denadas: trabajo ventricular en kgcm (escala 
de la izquierda); flujo coronario en cm3/min 
(escala de la derecha). Abscisas: carga ven- 
tricular en g. 


250 g (linea continua), los aumentos 
de trabajo y de consumo de oxigeno 
fueron de 33 por ciento y 13 por ciento 
respectivamente. Al agregar 750 g (li- 
nea de puntos), los incrementos porcen- 
tuales fueron de 98 para el trabajo y de 
47.5 para el consumo de oxigeno, Final- 
mente, al aumentar la carga en 1000 g 
(linea interrumpida), el porcentaje de 
aumento para el trabajo fué de 148 y 
para el consumo de oxigeno de 53.5. 

Ademias, en algunos experimentos las 
variaciones en el consumo de oxigeno 

‘eron inferiores al 10 por ciento en 
.anto que hubo otros en los que se ob- 
servo disminucion que llegé a alcanzar 
valores superiores al 25 por ciento aun 
cuando el trabajo aumento por encima 
del 100 por ciento. 

B) Trabajo en contracciones tsomé- 
tricas. Utilizando el método de la pre- 
sién descrito al principio de esta comu- 
nicacion y manteniendo constantes la 
presion de perfusion y la frecuencia car- 
diaca, el trabajo desarrollado por el 


Fic. 7.— Cambios en el flujo coronario y en el 
consumo de oxigeno consecutivos a modifica- 
ciones en el trabajo ventricular (contracciones 
isotonicas). Presién de perfusion y frecuencia 
cardiaca constantes. A partir de una carga ini- 
cial de 500 g, el peso aplicado al ventriculo 
se aumenté en 250 g (lineas continuas); des- 
pués en 750 g (lineas punteadas) y finalmente 
en 1000 g (lineas interrumpidas). Simbolos 
como en la figura 5. Ordenadas: trabajo ven- 
tricular en kgem (escala de la izquierda); flujo 
coronario en cm3/min (escala del centro) y con- 
sumo de oxigeno en cm3/min (escala de la dere- 
cha). Abscisas: carga ventricular en g. 


ventriculo aumenté en funcidn del vo- 
lumen diastélico. Este hecho se muestra 
graficamente en la figura 8. Como pue- 
de observarse el trabajo alcanza cifras 
superiores a 2 kgcm, en tanto que los 
valores del flujo coronario oscilan entre 
+ 6% con respecto al flujo previo al 
periodo isométrico. 

Durante el periodo de contraccién 
isométrica el consumo de oxigeno pre- 
senta las modificaciones que se ilustran 
en la figura 8 (puntos). Inicialmente 
aumenta en 22 por ciento y mas avanza- 
do el periodo isométrico regresa a Ci- 
fras proximas al valor inicial, como en 
el caso que se ilustra, o bien a niveles 
inferiores. 

5. Influencia de la adrenalina y de 
la acetilcolina sobre el flujo coronario. 
A) La adrenalina, Los efectos produci- 
dos por la administraci6n de adrenalina 
se ilustran en la figura 9. En el mo- 
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¥ic. 8.— El consumo de oxigeno y el flujo co- 
ronario durante modificaciones del trabajo en 
condiciones isométricas. El trabajo ventricular 
se expresa como funcidn del volumen diastoli- 
co. La frecuencia cardiaca y la presién de per- 
fusién se mantienen constantes. Simbolos como 
en la figura 5. Ordenadas: trabajo ventricular 
en kgcm (escala de la izquierda); flujo corona- 
rio en cm3/min (escala del centro) y consumo 
de oxigeno en cm/3min (escala de la derecha). 
diastélico en 


Abscisas: volumen cm3, 


mento senalado por la flecha se inicié 
la perfusién de la substancia a la dosis 
de 5 »g/min. Varios segundos después 
(10 a 15 en los diferentes experimentos), 
el flujo principié a aumentar hasta al- 
canzar un valor maximo en el que se es- 
tabiliz6. La presién de perfusién y 
la frecuencia cardiaca se mantuvieron 
constantes, esta Ultima estimulando 
siempre a frecuencias mayores de 3/seg. 
Juntamente con el aumento de flujo 
se observ6 aumento de trabajo y de 
consumo de oxigeno. En todos los casos, 
ademas de los cambios senalados, se pro- 
dujo descenso de la presion arterial co- 
ronaria cuyo valor minimo coincidid 
con el momento de maximo flujo. 

La magnitud de los cambios provoca- 
dos estuvo condicionada por la dosis 
de adrenalina inyectada. Considerados 
porcentualmente, los incrementos ma- 
ximos de flujo son directamente pro- 
porcionales a las dosis de adrenalina; 
por otra parte, también pudo apreciarse 
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Fic. 9.— Efecto de la adrenalina sobre el flujo 
coronario, el trabajo ventricular y el consumo 
de oxigeno. La frecuencia cardiaca, la presién 
de perfusion y la carga ventricular se mantie- 
nen constantes. En el momento marcado por 
la flecha se principia la infusién de 5 pg/min 
de adrenalina. Simbolos como en la figura 5. 
Ordenadas: trabajo en kgcm (escala de la iz- 
quierda); flujo coronario en cm3/min (escala 
del centro) y consumo de oxigeno en cm3/min 
(escala de la derecha). Abscisas: tiempo en seg. 


una relacién aproximadamente lineal 
entre dosis de adrenalina e incrementos 
maximos porcentuales de trabajo y de 
consumo de oxigeno (Fig. 10). 

B) La acetilcolina. Los cambios de 
flujo coronario producidos por esta 
substancia fueron analogos a los origi- 
nados por la adrenalina tanto cualita- 
tivamente cuanto en su curso temporal. 
También en estos experimentos, aun 
cuando la presién de perfusién se man- 
tuvo constante, la presién registrada en 
el sistema coronario disminuy6é progre- 
sivamente en el curso de la infusién 
hasta alcanzar un valor minimo que 
coincidié con el maxims incremento 
de flujo. Por otra parte, a diferencia 
de la adrenalina, el trabajo ventricular 
y el consumo de oxigeno se mantuvie- 
ron practicamente constantes. La mag- 
nitud de los cambios de flujo y presién 
estuvo condicionada por la dosis de ace- 
tilcolina que se inyect6 (2 a 60 »g/min). 


DIscuSsION 


1. El método experimental. No obs- 
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Fic. 10.— Relacién entre las dosis de adrena- 
lina y sus efectos sobre el flujo coronario, el 
consumo de oxigeno, el trabajo ventricular y la 
presion arterial coronaria. La presién arterial 
coronaria se representa por cuadros ((-}), los 
otros simbolos como en la figura 5. Ordenadas: 
efectos producidos por la adrenalina, expresa- 
dos porcentualmente con respecto a los corres- 
pondientes valores previos a la infusién, Abs- 
cisas: dosis de adrenalina en yg/min. 


tante que la preparacién experimental 
empleada en este trabajo coloca al co- 
razon en condiciones alejadas de las del 
organismo in situ en el animal integro, 
permite controlar independiente y efi- 
cazmente las diversas variables que in- 
fluyen sobre la circulaciédn coronaria e 
incluye la ventaja de trabajar con un 
organo perfundido con sangre que esta 
circulando continuamente por un ani- 
mal intacto, Ademas, puede tomarse 
como indice de las buenas condiciones 
de la preparacién, las medidas que en 
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ella se han hecho de diferentes propie- 
dades del musculo cardiaco (8) y cu- 
yos valores son similares a los obtenidos 
en el corazén in situ, Por otra parte, 
permite tener un conocimiento mas 
completo del comportamiento del sis- 
tema coronario considerado en conjunto 
ya gue la sangre que se mide es la que 
llega al ventriculo derecho, o sea el flu- 
jo total menos la pequefia cantidad que 
drena al ventriculo izquierdo: 7 por 
ciento segin Lendrum, Kondo y Katz 
(81); 1 cc/5 min seguin Citters et al. (9). 

2. La frecuencia de contraccion, 
Como fué sefalado, en todos los expe- 
rimentos se observaron aumentos de 
flujo al aumentar la frecuencia de con- 
traccion (Figs. 2 y 3). Existe entre am- 
bas variables, dentro de ciertos limites, 
una relacién lineal; cuando se sobrepa- 
san tales limites, las modificaciones de 
flujo son de menor cuantia. Hammouda 
y Kinosita (**), trabajando en corazon 
de conejo, no encontraron modificacio- 
nes del flujo coronario al variar la fre- 
cueicia; sin embargo sus experimentos 
son objetables debido a que utilizaron 
Ringer como liquido de perfusién y 
presiones variables entre 50 y 110 cm 
de agua. Anrep y Haiisler (®) conclu- 


t 

Fic. 11. Esquema que ilustra la hipétesis pro- 

puesta para explicar la relacién flujo-frecuen- 
cia, Explicacién en el texto. 
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yeron que el efecto de los cambios de 
frecuencia sobre el flujo coronario no 
puede predecirse y que en ultimo tér- 
mino depende de la duracién e inten- 
sidad de las contracciones ventriculares. 
Gregg ('*) reporté que el flujo corona- 
rio no se modifica cuando los aumen- 
tos de frecuencia son provocados por es- 
timulacién eléctrica. Laurent et al. (3°), 
observaron que en el corazon de perro, 
en condiciones controladas, el aumento 
de frecuencia hasta 300/min se acompa- 
na de aumento en el flujo coronario y 
aumento en el consumo de oxigeno y 
postularon que el aumento de frecuen- 
cia cardiaca es un factor importante que 
condiciona el consumo de oxigeno, el 
cual provoca vasodilatacién para satis- 
facer la demanda gaseosa, siendo la va- 
sodilatacién el factor responsable del 
aumento de flujo. 

En nuestros experimentos observamos 
que aun cuando el aumento de fre- 
cuencia incrementa el consumo de oxi- 
geno, no existe estricto paralelismo en- 
tre ambos. Ademas, el aumente de flujo 
se inicia inmediatamente después de 
aumentar la frecuencia y se estabiliza 
en pocos segundos; en ningtin caso se 
observ6 disminucién de la presién en 
el sistema coronario. Si, por otra parte, 
se tiene en cuenta que en los experi- 
mentos sobre la influencia dei trabajo 
se observaron cambios importantes en 
el consumo de oxigeno que no se acom- 
panaron de modificaciones en el] flujo, 
estos hechos, en coniunto, permiten des- 
cartar al oxigeno como responsable de 
las modificaciones en el flujo coronario 
y excluir un proceso de vasodilatacion. 

Con el objeto de explicar los resul- 
tados experimentales aqui descritos se 
propone la siguiente hipotesis. En el 
momento en que termina la sistole ven- 
tricular, el principal periodo de vacia- 
miento, el sistema coronario principiara 
a llenarse. Si se tienen en cuenta las 
caracteristicas de la preparaci6n expe- 
rimental empleada, el periodo de lle- 
nado tendria el curso temporal ilustra- 
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do en la figura 11. Seguin el esquema, 
el llenado se efectuaria en dos fases, una 
rapida cuya duracién dependeria de la 
presién de perfusidn, del diametro y 
elasticidad vascular y de la compresién 
ventricular, y otra de llenado lento, du- 
rante la cual se tenderia a la estabili- 
zacion, condicionada por el gradiente 
de presion entre la aorta y el extremo 
venoso. Al aumentar la frecuencia de 
contraccién se produce acortamiento de 
la diastole el cual originaria como con- 
secuencia, acortamiento del periodo de 
llenado. Para las frecuencias compren- 
didas dentro de la parte lineal de la 
relaci6n flujo-frecuencia, este acorta- 
miento se haria a expensas de la region 
de Ilenado lento sin modificar la re- 
gion de llenado rapido. De esta manera 
el volumen substraido por el acorta- 
miento de la diastole seria compensado 
y excedido por la repeticién mas fre- 
cuente en la unidad de tiempo de la 
fase de llenado rapido, originando el 
aumento de flujo por minuto. Esta hi- 
potesis explica, ademas, el hecho de 
que las frecuencias bajas (inferiores a 
90/min) no moditiquen el flujo coro- 
nario o lo hagan en pequena propor- 
cién (menos del 5 por ciento). Por otra 
parte, cuando el acortamiento del ciclo 
llegue a interferir con la fase de llenado 
rapido (frecuencias altas), el flujo por 
minuto tendera a disminuir. Esto fué 
observado en algunos de nuestros expe- 
rimentos cuando la frecuencia de con- 
tracci6n sobrepasé de 225/min, como 
término medio. 

Las modificaciones de la contraccién 
ventricular cuando se estimula direc- 
tamente el ventriculo, descritas por 
Wiggers (42) no parecen intervenir en 
nuestros resultados, ya que fueron cuali- 
tativamente los mismos independiente- 
mente de que se estimulara la auricula 
o el ventriculo. 

3. La fibrilacién ventricular, Como 
fué descrito en la seccién correspon- 
diente, hubo en general, disminucion 
del flujo coronario, excepto en algunos 
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corazones en los que se observé peque- 
no aumento inmediatamente después de 
iniciada la fibrilacién. Puede concluir- 
se ademas, que el grado de disminucién 
fué tanto mayor cuanto mas alta la fre- 
cuencia de contraccién previa. Estos re- 
sultados estan en desacuerdo con los 
descritos por Anrep y Haiisler (°) y 
Hammouda y Kinosita (**), quienes en- 
contraron aumento de flujo; cabe men- 
cionar que los autores citados produje- 
ron fibrilacién empleando corriente in- 
ducida intensa. Resultados similares a 
los nuestros han sido reportados por 
Garcia Ramos et al. (!4), quienes lo 
atribuyeron a la falta de masaje ven- 
tricular. 

En las presentes observaciones no se 
apreciaron cambics en la presi6n coro- 
naria que pudieran indicar vasocons- 
triccién o vasodilatacién. Por lo tanto, 
parece verosimil concluir que la dismi- 
nucion de flujo coronario es originada 
por la desaparicién de alguna influen 
cia favorecedora que pudiera estar re 
presentada por el masaje durante la 
sistole ventricular (**). Los resultados 
con respecto al consumo de oxigeno 
indican que durante la fibrilacién el 
metabolismo cardiaco esta disminuido. 

4. La presion de perfusion. Los re- 
sultados descritos en la seccién corres- 
pondiente concuerdan con los comuni- 
cados por la mayoria de los autores (+ 
10, 11, 20, 22, 25,27, 33) en el sentido de 
que los aumentos de presién se acom- 
panan de aumentos en el flujo corona- 
rio. La relacién existente entre presién 
y flujo se aproxima a la exponencial 
descrita por Osher (**), El analisis de 
los datos ilustrados en la figura 5 mues- 
tra que cuando la presién de perfusién 
ha aumentado un 77 por ciento el flujo 
presenta un incremento de 81.8 por 
ciento, en tanto que el aumento porcen- 
tual del consumo de oxigeno es unica- 
mente de 10. Sin embargo, para un 
aumento de presidn de 100 por ciento 
se nota un incremento brusco del consu- 
mo gaseoso que alcanza un valor de 


237 


33 por ciento, con un incremento de 
flujo de 207 por ciento, 

Fstos hechos, agregados a la estabi- 
lidad del trabajo ventricular durante 
las modificaciones de presion de pertu- 
sion (Fig. 5) y a la ausencia de modi- 
ficaciones en el flujo coronario cuando 
se producen aumentos de consumo de 
oxigeno por aumento de trabajo (Figu- 
ras 7 y 8), permiten concluir que en el 
corazon aislado el flujo coronario es 
independiente, dentro de ciertos limites, 
del consumo de oxigeno y del trabajo 
desarrollado por el ventriculo, La ex- 
plicacién propuesta por Osher (°*) con- 
sistente en que a mayor presién de 
perfusion el contenido del sistema coro- 
nario aumenta incluso hasta provocar 
dilataci6n vascular con el consecuente 
aumento de la cantidad de sangre que 
pasa en la unidad de tiempo, puede ser 
aplicada a estos resultados. Es posible 
que cuando los aumentos de presién al- 
cancen valores altos intervenga algun 
factor agregado de tipo metabdlico 
como ha sido propuesto por Katz et 
al, (27) y Allela et al. (4). Por lo tanto 
puede concluirse que dentro de ciertos 
limites los aumentos de flujo provo- 
cados por los aumentos de presién son 
originados por un factor mecanico, pre- 
ponderantemente. Cuando tales limites 
se sobrepasan puede intervenir algun 
factor metabodlico coadyuvante cuyo me- 
canismo de accién no puede inferirse 
de estos experimentos. 

5. El trabajo ventricular. Los resul- 
tados descritos a este respecto (Figs. 6, 
7 y 8) hacen evidente que el flujo co- 
ronario no depende del trabajo ven- 
tricular, ya que aun con los aumentos 
considerables de trabajo el flujo presen- 
ta modificaciones minimas o no se alte- 
ia. La falta de concordancia entre los 
resultados descritos por otros autores 
(%) 8, 18, 21, 28,41) y los que aqui se co- 
munican puede ser explicada si se con- 
sidera el tipo de preparacién experi- 
mental utilizada y la falta de control 
eficaz sobre otras variables cuya influen- 
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cia sobre el flujo coronario es decisiva. 

Resultados similares han sido obte- 
nidos por Rosenblueth et al. (8°) en 
una preparacién semejante y con el ven- 
triculo trabajando en contracciones iso- 
métricas. 

E] hecho de que al aumentar el tra- 
bajo se produzca aumento en el consu- 
mo de oxigeno sin modificacién del 
flujo coronario, confirma la aseveracion 
de Rosenblueth et al. (°°) en el sentido 
de que en la preparacion experimental 
utilizada el aporte de oxigeno permite 
aumentar el consumo sin necesidad de 
recurrir a aumentos de flujo. 

En algunos de los experimentos en 
los que se usd el método del resorte 
pudo apreciarse que al regresar a la 
carga basal el consumo de oxigeno se 
mantuvo elevado durante algun tiempo. 
Este resultado indica que, contraria- 
mente a lo descrito por Sarnoff et al. 
(87), el corazon del perro es susceptible 
de adquirir una deuda de oxigeno cuya 
magnitud y duracién pueden ser evi- 
denciables. 

La disminucién del consumo de oxi- 
geno durante el periodo de contraccio- 
nes isométricas puede ser explicada de 
acuerdo con las siguientes hipotesis: 
A) como ha sido propuesto por Laurent 
et al. (8°), el corazén puede cambiar 
sus procesos metabdlicos hacia la anae- 
robiosis; B) dadas las nuevas condicio- 
nes hemodinamicas puede haber una 
mezcla de sangre arterial con sangre 
venosa a través de las comunicaciones 
arterio-luminales. En estas condiciones, 
la diferencia arterio-venosa disminuiria 
y ya que el flujo coronario se mantiene 
constante habria disminucién aparente 
en el consumo de oxigeno. Esta ultima 
hipotesis no es aplicable a aquellos ex- 
perimentos con resorte en los cuales 
también se observ6 disminucion en el 
consumo de oxigeno durante los au- 
mentos de trabajo ya que en ellos la 
posibilidad de mezcla es minima. Que- 
da como probable explicacién y sujeta 
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a las comprobaciones necesarias, el po- 
sible cambio hacia la anaerobiosis. 

6. La adrenalina y la acetilcolina. Los 
resultados comunicados hasta ahora con 
respecto a la accién de la adrenalin2 
sobre el flujo coronario (11; 12, 15, 16, 32, 
88, 39) coinciden en senalar que bajo la 
influencia de esta substancia el gasto 
coronario aumenta. El efecto ha sido 
atribuido (!%) a la suma algebraica de 
varios factores, el soporte extravascular, 
el metabodlico, una accién directa, o 
bien al predominio de alguno de ellos, 
fundamentalmente el metabdlico, que 
enmascararia la accidn de los restantes. 
De acuerdo con los resultados aqui des- 
critos, puede ser descartada la influen- 
cia preponderante atribuida a los fac- 
tores indirectos si se tiene en cuenta 
que en los experimentos en los que se 
modificé la carga ventricular no hubo 
cambios en el flujo coronario a pesar 
de los incrementos de trabajo y de con- 
sumo de oxigeno. E] efecto cronotrépi- 
cO positivo puede ser igualmente des- 
cartado ya que los corazones se man- 
tuvieron estimulados a una frecuencia 
mayor que la que pudo haber desenca- 
denado la substancia. Ademas, en pre- 
sencia de presion de perfusi6n constan- 
te, la presidn en el sistema coronario 
disminuy6 notoriamente y en propor- 
cién a la dosis de adrenalina inyectada 
(Fig. 10). Se puede concluir que en 
nuestras preparaciones el aumento de 
flujo consecutivo a la adrenalina de- 
pende, fundamentalmente, de la accién 
directa de esta substancia sobre los va- 
sos coronarios y que esta acciOn es vaso- 
dilatadora. Conclusiones analogas han 
sido reportadas por Eckenhoff et al. 
(11); Schofield y Walker (°°); Gerola 
et al. (16) y por Smith et al. (4°) para 
fragmentos de arterias coronarias. 

Los efectos de aumento de flujo pro- 
vocados por la acetilcolina pueden ser 
igualmente atribuidos a una accién di- 
recta vasodilatadora sobre el sistema 
coronario. Esta conclusién esta basada 
en la ausencia de modificaciones en la 


FLUJO CORONARIO EN CORAZON AISLADO 239 


frecuencia cardiaca; la estabilidad de 
la presion de perfusién, del trabajo y 
del consumo de oxigeno, y la disminu- 
cién de la presién en el lecho coro- 
nario. Conclusiones andlogas han sido 
comunicadas por Eckenhoff et al. (!"), 
Schofield y Walter (#8) y Garcia Ramos 
et al. (1). 


RESUMEN 


Se estudié el flujo coronario medio 
en el corazon de perro. La preparacién 
utilizada permite controlar indepen- 
dientemente la frecuencia cardiaca, la 
presion de perfusién y el trabajo ven- 
tricular. 

Los aumentos de frecuencia cardiaca 
provocan aumentos de flujo coronario. 
La relacién que existe entre estas dos 
variables es lineal dentro de un amplio 
margen de cambios de frecuencia. 

No es posible predecir los cambios 
de flujo coronario originados por la 
fibrilacién ventricular aun cuando, en 
general, puede producirse disminucién 
como consecuencia de la falta de ma- 
saje ventricular. 

El aumento de la presién de perfu- 
sidn provoca aumentos de flujo coro- 
nario. La relacién flujo-presi6n es apro- 
ximadamente exponencial. El factor 
primordial responsable de los cambios 
de flujo es mecanico; sin embargo, para 
presiones de perfusién altas puede in- 
tervenir un factor probablemente de 
naturaleza metabdlica. 

Se demuestra que el trabajo efectua- 
do_por el ventriculo es independiente 
del flujo coronario. Pueden producirse 
aumentos importantes de trabajo sin 
modificacién concomitante del flujo y 
viceversa. Se demuestra la existencia de 
deuda de oxigeno y se discute la posi- 
bilidad de que el corazén de perro 
pueda cambiar sus procesos metabolicos 
hacia la anaerobiosis. 

Se concluye que la adrenalina y la 
acetilcolina aumentan el flujo corona- 


rio medio por accién vasodilatadora 
directa. 


SUMMARY 


The mean coronary blood flow of 
the dog’s heart was studied. The ex- 
perimental preparation used permits 
the independent control of the heart 
rate, the perfusion pressure and the 
ventricular work. 

The increases of heart rate induce 
increments of the coronary flow. Over 
a wide range of frequencies the relation- 
ship between these two variables is 
lineal. 

The changes in coronary flow prov- 
oked by ventricular fibrillation can- 
not be predicted, although generally 
a diminution is observed as a_ con- 


sequence of the lack of ventricular 
massage. 
The coronary flow augments ex- 


ponentially when the perfusion pres- 
sure is increased. It is coneluded that 
these changes in coronary flow are 
produced by a mechanical factor, but 
with high perfusion pressures some 
other factor, probably metabolic in 
nature, may be involved. 

It is shown that the coronary flow is 
independent of the work performed by 
the ventricle. The ventricular work 
may increase considerably without any 
concomitant modification in flow. An 
oxygen debt is demonstrated and the 
possibility that the dog’s heart may 
change its metabolic processes towards 
anaerobiosis is discussed. 

Adrenaline and acetylcholine were 
found to increase the coronary flow by 
a direct vasodilator action. 
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REPONSES RESPIRATOIRES DU CHIEN A L’ALCALOSE 
METABOLIQUE AIGUE 


A J. Roncoroni (*), J. J. Pociwao, J. Lissac 


A régulation chimique de la ven- 
L tilation a été l'objet de nombreux 
travaux ayant trait pour la plupart, a 
la stimulation de la ventilation sous 
V'influence de l’hypoxémie, de l’inha- 
lation de CO, ou de l’acidose d’origine 
meétabolique. Les effets déprimants sur 
la ventilation ont été moins longue- 
ment étudiés. Parmi eux, l’hypoventila- 
tion compensatrice dans {’alcalose méta- 
bolique est discutée et a été l'objet de 
quelques travaux qui ont abouti a des 
conclusions divergentes. 

Notre étude a eu pour objet l’appré- 
ciation des modifications respiratoires, 
consécutives a la production d’alcalose 
expérimentale aigué chez des chiens peu 
anésthésiés. 


METHODES 


Ce travail a été réalisé sur 15 chiens 
de poids variable entre 10 et 25 kg. 


(*) Boursier du Gouvernement Frangais (Mi- 
nistére d’Affaires Etrangéres) Adresse actuelle: 
“Centro de Rehabilitacién Respiratoria”’, Pata- 
gones 849, Buenos Aires, Rep. Argentina. 

(**) Centre de Réanimation Respiratoire et 
Laboratoire de l’Hopital Claude Bernard. Pa- 
ris, Directeur: Pr. P. Mollaret. 

Recu pour publication, Aott 16, 1960. 


et J. L. (**) 


L’anésthésie a été obtenue en injectant 
—par voie veineuse— du Privenal (Thio- 
pentone) entre 0.30 et 0.50 gr; apres 
dissection de la veine fémorale, une 
dose variable entre 30 et 90 cm (0.20 
a 0.00 gr) d'une solution de chloralose 
au 0.66 9% a été injectée. La chloralose 
a été injectée en plusieurs fois de fagon 
a utiliser la plus petite quantité possi- 
ble d’anésthésique (***). Aussit6t anés- 
thésié le chien a été entubé avec une 
grosse sonde trachéale munie d'une 
ballonet gonflable. Il a fallu attendre 
de 1 a 4 heures, et parfois 5, pour que 
la ventilation pulmonaire et la tem- 
pérature rectale reviennent practique- 
ment a la normale, avant de commen- 
cer l’expérience. On est str, de cette 
maniére, de dépasser la phase de de- 
pression respiratoire secondaire a l’anés- 
thésié durant la suite de l’expérience. 
La ventilation a été mesurée en con- 
nectant un inspirométre controlé (va- 
riation + 5%) a la partie inspiratoire 
d’une valvule a deux voies (espace mort 
65 cm). Le gaz expiré est recueilli 


(***) Ce procédé se justifie en raison de la 
grande variabilité dans l’intensité de l’anés- 
thésie, obtenue chez différents animaux avec 


des doses semblables. 
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dans une bourse de Douglas pendant 
des périodes de 3 minutes, au milieu 
desquelles on prend le sang de l’artére 
fémorale pour la détermination des gaz 
et du pH. Le CO, est mesuré dans le 
sang total avec la technique manomé- 
trique de Van Slyke et Neill, et le pH 
avec une électrode de verre et un pH 
métre a température ambiente (corrigé 
a la température de l’animal en emplo- 
yant le facteur de Rosenthal). L’équa- 
tion de Henderson-Hasselbach permet 
d’apprécier la PCO, artérielle (PaCO,). 
L’oxihémoglobine et la capacité de Oy 
du sang artériel ont été mesurés avec 
la téchnique photocolorimétrique dans 
'hémoréflecteur de Kipp: L’erreur de 
cette méthode peut étre estimée a 
+ 1% de saturation. Les concentra- 
tions de O, et CO, dans I’air expiré 
sont déterminées deux fois — avec la 
technique et l'appareil de Scholander, 
en tolérant une différence de + 0.04 
entre les déterminations. Chez quelques 
animaux nous avons déterminé la PCO, 
alvéolaire avec l’analyseur de CO, aux 
rayons infrarouges (Capnograph). Dans 
ce but on a glissé un fin cathéter de 
poliéthyléne dans la lumiére de la son- 
de trachéale. Le cathéter est uni au 
circuit aspirateur d’une pompe qui tra- 
vaille en circuit fermé et envoie le gas 
dans la partie expiratoire de la valvule 
respiratoire. Dans tous les cas on ob- 
tient un plateau alvéolaire qui permet 
la détermination directe de la tension 
alvéolaire de CO,. 

Les déterminations de controle étant 
ainsi réalisées, on injecte par voie vei- 
neuse, en goute a goute, une solution 
de bicarbonate de sodium entre 6 et 
8 gr % (0.7 a 0.93 mEq/ml) a vitesses 
variables entre 3 et 6 mEq/min (en 
2 expériences: N? 11 et 12, la vitesse 
fat de 9.6 et 12.2 mEq/min). L’injec- 
tion est faite en un temps qui varie 
de 11 4 84 minutes et est en moyenne 
de 55 minutes (exceptés dans les cas 
11 et 12 ou elle fat de 11 et 12 min) 
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avec une dose totale variable entre 7.6 
et 30 mEq/kg. 

Dans un premier groupe de 6 ani- 
maux on a fait des déterminations en 
série de la ventilation globale, héma- 
tocrite, pH et gaz du sang artériel. 
Dans un autre groupe de 9 animaux 
on a recueilli, en outre, le gaz expiré, 
ce qui permet de déterminer I’excrétion 
de la consommation de le 
quotient respiratoire et la ventilation 
alvéolaire. L’espace mort physislogique 
a été estimé au moyen de |’équation de 
Bohr. Chez deux animaux (N® 2 et 3) 
on a réalisé une perfusion d’une solu- 
tion de HCL a 0.9%, quantité totale 
de 4 et 10 mEq/kg, et on a déterminé 
ensuite la ventilation et leurs effets 
sur les gaz de sang artériel. 

Chez deux animaux la perfusion a 
été précedée, quelques heures avant, 
d’une néphrectomie bilatérale. 


RESULTATS 


Les chiffres de contrdle du pH et 
de la tension artériel de CO, (PaCO.) 
(tableau 1 et 2), varient généralement 
entre des valeurs acceptables pour des 
chiens anésthésiés, Avant la perfusion 
chez deux chiens (N° 2 et 10) la PaCO, 
était un peu élevée avec pH bas, temoin 
d’une acidose respiratoire, chez l’animal 
N° 4, au contraire, le pH bas était 
compatible avec une acidose métabo- 
lique; enfin dans les cas 1, 3, 6 et 9 
il y avait une acidose mixte modérée. 
La saturation de Oy a été normale dans 
tous les cas, sauf dans le N? 2 ou elle 
était de 86 %. 

Le volume de l’espace mort (tableau 
2) tient compte de l’espace mort instru- 
mental, qui était de 65 ml (ce qu’ex- 
plique le haut VD/VT); aprés sa sous- 
traction, on obtient un espace mort 
moyen de 7.5 ml/kg (a oscillation entre 
4.4 et 8.9 ml/kg). Les ventilations glo- 
bale et alvéolaire, en relation avec 
l’excrétion de CO, (pour maintenir 
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une tension de CO, artériel donnée), 
varient entie des limites amples. 

Les animaux ont bien résisté a l’in- 
jection de la solution de HCO,Na; 
dans un seul cas (N° 8), on a observé 
l’apparition de tétanie. 

L’injection de bicarbonate a produit 
une série de modifications. Chez 12 ani- 
maux la ventilation globale mesurée 
dans les 5 minutes a été augmentée 
chez cing et diminuée chez sept d’entre 
eux. Dans deux cas seulement on a 
déterminé en méme temps les autres 
variables respiratoires; une augmenta- 
tion marquée de la ventilation alvéo- 
laire a été trouvée chez le N® 11 (fig. 1) 
et une diminution modérée chez un 
autre (N° 12). La perfusion terminée, 
la ventilation globale diminue franche- 
ment dans la plupart des cas; cette 
diminution persiste elle méme un temps 
variable. La dépresion ventilatoire a 
été observée pendant la perfusion, mé- 
me quand celle-ci a été de longue du- 
rée, et aprés la perfusion, quand cette 
derniére a été bréve (N° 11, 12 et 13). 
La ventilation alvéolaire a suivi les 


Exp.as 
HCO,Wa mEq 
60 
50 
PaC0, 
30 
760 
pH 
740 
7.30 
3 
Bres 
° 


200 min. 250 min. 


Temps d'anesthesie 
Fic. 1.— Evolution de la ventilation alvéolaire 
(VA ), pH et tension du COg artériel (PaCOg) 
pendant et at “s perfusion de bicarbonate de 
sodium (HCO3Na). 
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mémes variations, l’espace mort phy- 
siologique ayant été augmenté dans 
ouelques cas (7, 8, 13, 14 et 15). 

Depuis le commencement de la_per- 
fusion, et pendant sa durée, le pH (ta- 
bleau | et 2), la concentration plasma- 
tique (CaCQO,) et la tension du CO, 
artériel, augmentent franchement (fig. 
1, 2). Les chiffres atteints dépendent 
de la quantité de bicarbonate intro- 
duite et du niveau initial du CO,. 

L’alcalose obtenue est appreciée par 
le chiffre du pH 4 la fin de la perfu- 
sion; il varie entre 7.50 et 7.66. Pen- 
dant la phase initiale de la perfusion, 
chez quelques animaux (7 et 11), l’ex- 
crétion respiratoire de CO, et le quo- 
tient respiratoire ont beaucoup aug- 
menté. I] est trés probable que ce phe- 
noméne aurait été observé plus fré- 
quemment, si l’on avait fait des déter- 
minations plus rapprochées au début de 
l’injection. 

L’excrétion de CO, une fois stabili- 
sée autour du chiffre initial, on trouve 
que la tension du CQ, artériel est 
augmentée de facon variable entre 8 
et 29 mmHg (tableau 3). 

Pendant l’expérience, a l'exception 
du cas N® 4, la saturation de Og de 
Vhémoglobine se maintient a des chif- 
fres que l’on peut considérer comme 
égaux ou trés peu supérieurs aux chif- 
fres témoins (tableau 1 et 2) ceci mal- 
gré l’hypoventilation et la rétention 
de COg. 

Le Volume globulaire a diminué, 
quelquefois beaucoup (cas N® 8, jus- 
qu’au 14) sauf chez l’animal N® 2. 

Dans deux expériences (N° 3 et 5) 
on a fait une perfusion de HCl apres 
la perfusion de bicarbonate; dans les 
deux cas le pH et la PaCO, ont beau- 
coup baissé et la ventilation a augmen- 
té (fig. N° 2). 

Dans deux cas (N° 13 et 14) les ani- 
maux ont été néphrectomisés de deux 
cétes; ils ont été suivis plus longtemps 
que les autres; la PaCO, s’est main- 
tenue 4 20 mmHg (cas 13) et 13 mmHg 
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TABLEAU III 
Chien N° Temps pH | pH Différence APa CO, (**) 
minutes | théorique (*) | trouvé mmHg. 

220 7.71 7.56 — 0.15 | + 16 
2 | 241 7.56 | 7.48 — 0.08 | + 8 
3 ‘240 7.70 7.59 —0.11 | ae 
5 276 7.70 7.59 —0.11 | +14 
6 | dag BS 7.64 7.56 — 0.08 | + 8 
7 | 206 7.75 7.54 —0.21 | + 29 
8 | 348 7.72 7.51 —0.21 | + 28 
9 169 7.73 | 7.52 — 0.21 25 

10 135 7.48 | 7.43 — 0.05 +7 

11 160 7.78 7.61 —0.17 +13 

12 345 7.74 7.60 — 0.14 + 16 

13 338 7.75 7.57 — 0.18 + 23 

14 305 7.76 | 7.56 — 0.20 + 22 

15 229 7.78 | 7.61 —17 + 20 


(*) Calculé en tenant compte du CaCO, correspondant au temps indiqué et du PaCO, 


initial. 


(**) PaCOs: Différence entre PCO, initial et PCO, mesuré aux differents temps indiqués. 
(***) Exclu par manque d’équilibre respiratoire. 


(cas 14) au dessus des chiffres témoins, 
6 heures et 2 heures respectivement 
aprés la fin de la perfusion. 

La perfusion terminée, la CaCO, et 
PaCO, ont diminué lentement; dans 
quelques cas le pH _ n’a pas varié, dans 
d’autres, la CaCO, ou la PaCO, ont 
diminué davantage, mais sans qu’on 
puisse établir une régle constant. Cette 
récuperation s'est accompagnée de diu- 
rése profuse. Dans le cas N° 12, l’urine 


recueillie par sondage vésical de la 
333° a la 376° minute (tableau 2) a 
atteint le volume de 225 ml, avec une 
concentration de COs, exprimée en 
HCO 3Na, de 496 mEq/I, et une quan- 
tité totale excrétée de 112 mEq par 
rapport au cotal injecté de 146 mEq. 

Chez un animal (N° 15), une fois 
atteinte la dépression respiratoire avec 
hypercapnie, on lui a donné a inspi- 
rer un mélange pauvre en O, (11 %), 
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Exp nts 
malig 


Vo Umin Bree 


400 min, 450 

Temps danesthe sve Fig 
Fic. 2.—Ventilation pulmonaire globale (V) 
pH et tension du artériel (PaCOx) pen- 
dant la perfusion de bicarbonate de sodium 
(HCO3Na) et d’acide chlorhydrique (HCL). 


80, fa C0, 


et on a observé une hyperventilation 
avec baisse de PaCO, et augmentation 
du pH. 


DiscussiON 


Nous avons utilisé des animaux peu 
anesthésiés avec une petite dose de 
Privenal et ensuite avec du chloralose; 
nous ne croyons pas en effet qu’une 
expérience de ce type, puisse se réaliser 
chez des chiens éveillés, sans exclure 
des facteurs d’excitation capaces de 
modifier les résultats. Von Euler et 
Liljestrand (°) d’ailleurs ont démontré 
q'une tension alvéolaire normale de 
CO, peut se maintenir pendant des 
heures chez des chiens anesthésiés avec 
des petites doses de chloralose. 

L’animal anesthésié, on a attendu un 
temps suffisant pour atteindre l’anes- 
thésie maxima. De cette fagon, l’expé- 


70 aS 
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Fic. 3.— Relations entre COg total plasmatique (CaCQg) et tension du COg artériel (PaCOg) 
avani et aprés la perfusion de bicarbonate de sodium. 
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rience a été réalisée durant une phase 
de stabilité de sommeil anesthésique 
décroissant; la dépression respiratoire 
qui suit la perfusion ne peut pas étre 
attribuée a l’action progressive de la 
chloralose. 


Les différences observées chez les ani- 
maux, en ce qui concerne les chiffres 
ventilatoires de contréle, dépendent des 
variations de l’excrétion de CO, (ta- 
bleau 2) et sont probablement en rela- 
tion avec un état anésthésique qui 
n'est pas égal pour tous. Nous ne cro- 
yons pas que les variations modérées 
du métabolisme respiratoire, qui ont 
été observées avant la perfusion, soient 
susceptibles de modifier les résultats 
obtenus, 


Nous n’avons pas observé |’hyperten- 
sion artérielle que Swan et col. (7) ont 
obtenu avec des doses de bicarbonate 
de sodium plus petites que les ndétres. 


L’augmentation immeédiate (dans la 
minute) au commencement de la per- 
fusion, de la PCO, alvéolaire est sem- 
blable a celle qui a été enrégistrée par 
Hesser (7); elle traduit la libération 
massive de CO,, provoquée par la réac- 
tion chimique qui suit la pénétration 
du bicarbonate. L’élévation du CO, 
plasmatique et du pH montrent que 
la PCO, artériel déterminée indirec- 
tement, se comporte de la méme ma- 
niére; elie monte dans tous les cas et il 
se produit en méme temps une augmen- 
tation de l’excrétion de CO, d’origine 
exogéne. Ces résultats sont comparables 
a ceux observés par Singer et col. (4) 
chez l‘homme avec des doses moindres 
de HCO.Na et trés probablement com- 
parables aux résultats observés durant 
la premiére période de Shock et Has- 
tings (1). Ce qui attire beaucoup notre 
attention, c’est l’absence totale de mo- 
difications de la tension du COgz ar- 
tériel, pendant la réalisation de I’alca- 
lose, décrite par Roberts et col. (5), chez 
le chien; ceci est peut étre lié au fait 


que leurs animaux n’étaient pas anes- 
thésiés (*). 

Des résultats semblables 4 ceux-ci ont 
été rapportés par West et Rapoport (*), 
mais ils ont utilisé eux aussi des chiens 
non anesthésiés; ils ont fait leur dosages 
sur le sang veineux, ce qui introduit 
quelques doutes concernant la valeur 
de leurs résultats. 

Pendant la période suivante, bien 
définie seulement chez les animaux du 
deuxiéme groupe (tableau 2), il existe 
un état d’équilibre relatif de l’excrétion 
de CO, (“steady state’) et de la de- 
pression ventilatoire, avec des tensions 
de CO, élévées. Cette situation devient 
évidente méme pendant la _ periusion, 
chez les animaux 7, 8, 9 et 12, et aprés 
la perfusion chez tous ceux du second 
groupe. Pour avoir une idée plus pré- 
cise des variations de la ventilation 
pulmonaire et du métabolisme respira- 
toire en général, il faudrait pouvoir 
connaitre a chaque instant la valeur 
de ces différentes variables. 

Pendant la période d’équilibre, la 
PCO, artériel monte dans tous les cas, 
entre 7 et 29 mmHg (tableau 3). 

Ce fait est le temoin, 4 notre avis, 
d’une adaptation respiratoire destinée 
a compenser l’alcalose métabolique; ces 
résultats sont en accord avec ceux obte- 
nus chez l‘homme par Singer (*) et par 
Shock et Hastings (). 

Dans ces conditions, l’injection d’aci- 
de chlorhydrique (fig. 2) est capable de 
provoquer une hyperventilation secon- 
daire a la baisse du pH, ce qui montre 
les possibilités de réaction de |’animal. 

Si la compensation respiratoire s’ac- 
compagnait d’anoxémie comme le sup- 
posent Roberts et col. (5) on devrait 
évidemment tenir compte de la stimu- 
lation respiratoire qu’elle provoquerait. 
Malgré la diminution de la ventilation 


(*) Chez un de nos animaux (N® I1) on 
peut observer a la fin de l’expérience qu’au 
réveil la PCO» est semblable a celle du com- 
mencement, malgré l’existence d’un pH alcalin. 
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RESPIRATION ET ALCALOSE AIGUE 


pulmonaire et l’élévation de la PCO, 
artériel, nos animaux gardent une sa- 
turation en oxigéne de I’hemoglobine 
semblable a celle des témoins ou un 
peu plus élevée. Ce fait nous suggére 
que la courbe de dissociation de l’hé- 
moglobine s'est, peut étre, déplacée vers 
la gauche, en raison de Il’élévation du 
pH. On devrait aussi tenir compte de 
l’éffet de l'hypercapnie auquel on ne 
pense pas habituellement quand on étu- 
die les courbes de dissociation de l’hé- 
moglobine avec un pH alcalin. La com- 
pensation observée n’est évidemment 
pas complete (fig. 3). Cette compen- 
sation exige, pour qu'elle se produise, 
l'amorce plus ou moins apparente de 
la perturbation qu’elle va tenter de co- 
rriger. A ce point de vue les examples 
donnés par Roberts et col. (°) ne nous 
paraissent pas démonstratifs: ils provo- 
quent une hypoventilation jusqu’a com- 
pensation complete, ceci chez des chiens 
rendus alcalosiques, et dans ces condi- 
tions ils observent une anoxémie. Cette 
hypoventilation complétement compen- 
satrice, est toute artificielle et n’a aucun 
rapport quantitatif avec celle que l’on 
peut observer dans la réalité: nous cro- 
yons avoir demontré objectivement que 
la compensation n’est jamais complete 
dans nos conditions d’expérience (ta- 
bleau 3). 

En soumettant a l’hypoxie l’animal 
rendu artificiellement alcalosique et 
spontanément hypoventilé (mais avec 
une saturation normale) (tableau 2, 
N® 15), on voit que la stimulation pro- 
duite par l’anoxémie est prédominante. 
Du fait de l’hypoxie, la ventilation et 
le pH augmentent; la PCO, artériel 
baisse. La suppression de I’hypoxie en- 
traine a nouveau hypoventilation et 
retention de CO,. Dans un seul cas 
(tableau 1, N® 4), chez lequel le CO, 
artériel atteint des chiffres trés élevés, 
l'anoxemie intense est suivie d’arrét 
respiratoire; ce fait, déja signalé par 
Collip (°) il y a des années, n’est pas 
trés bien compris. 
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Chez les deux animaux, chez qui la 
compensation rénale excrétice a été 
supprimée par la néphréctomie préala- 
ble, 'hypercapnie peut se maintenir 
longtemps. Ceite hypercapnie n’a rien 
a voir avec l’anesthésie dont les effets 
ont en grande partie disparu. 

La baisse, parfois importante, du vo- 
lume globulaire, est un reflet de I’hé- 
modilution provoquée par la quantité 
de liquide injecté et par I'hypertonie de 
la solution qui attire le liquide intra- 
cellulaire dans l’espace intravasculaire. 


CONCLUSIONS 


1) Il est possible de maintenir une 
saturation de O, de I’hémoglobine et 
une PCOQOg, artériel proches des chiffres 
normaux chez des chiens anesthésiés 
légérement au chloralose. 

2) L’injection intraveineuse rapide 
d'une solution de bicarbonate de so- 
dium, provoque fréqguemment une hy- 
perventilation immédiate, pendant la- 
quelle augmentent l’excrétion de CO, 
et le quotient respiratoire. Peu de temps 
aprés, méme pendant la perfusion, on 
a observé une hypoventilation globale 
et alvéolaire contrastant avec une forte 
augmentation du PCO, artériel, Ce 
méme phénomeéne peut s’observer aussi 
aprés la fin de la perfusion. Cette hypo- 
ventilation provoque une compensation 
significative de l’alcalose métabolique 
secondaire en réduisant l’augmentation 
du pH. 

3) Cette réponse est analysée dans les 
conditions de ]’expérience, et aussi chez 
des chiens chez lesquels la compensation 
rénale a été suprimée par néphrectomie 
préalable. 

4) La conservation, ou méme la leé- 
gere augmentation de la saturation en 
oxygéne de Il’hémoglobine, suggére 
l'existence d’un changement dans la 
courbe de dissociation sous |’influence 
de l’alcalinité. 

Les tableaux complets des données expéri- 
mentales peuvent étre demandés aux auteurs. 
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WATER UPTAKE THROUGH THE TOAD’S SKIN 


in 1921 observed that the in- 
jection of neurointermediate lobe 
of mammalian hypophysis produces an 
increase in the frog body weight. Hous- 
say and Potick (1929) and Novelli 
(1932) observed a similar effect in the 
toad. 

Several authors (Novelli, 1936; Koe- 
foed-Johnsen y Ussing, 1953; Ussing, 
1954; Fuhrman y Ussing, 1951; Ander- 
sen y Ussing, 1957) have observed the 
passage of water through the isolated 
skin of the toad, and that this passage 
is increased by the hormones of the 
mammalian neurohypophysis. 

Since toads with an atrophied neuro- 
hypophysis lose and recover water at 
the same rate than the normal animals 
(Jorgensen y col., 1956) it was thought 
interesting to study further the role 
of the hypophysis and the effect of 
dehydration in the toad’s water uptake. 


METHODs 


Male toads, Bufo arenarum Hensel, 
weighing between 100 g and 200 g were 
used. These toads had less than fifteen 
days of captivity, and during this time 
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they were fed with liver. The day be- 
fore t' assay the toads were slightly 
anesther.. with ether, the bladder 
was emptied, the orifice that commu- 
nicates it with the cloaca tied off and 
a cannulae was placed in the cloaca. 
The animals were kept in water all 
night. Before the beginning of the expe- 
riment the cloaca was rinsed out with 
10 ml of water, so that the feces would 
not alter the urine volume. 

The animals were placed, with wa- 
ter, in polyethylene boxes having a 
hole on the side through which the 
cannulae were passed. The urine was 
collected in 25 ml cilinders covered 
with cotton wool to prevent evapo- 
ration. 

Every hour the water was poured 
out and the box and toad were dried 


and weighed without taking the animal | 


out of the box. 

The water uptake is equal to the 
algebraic sum of the weight variation 
and the urine output, this amount 
is expressed as percentage of initial 
weight. 

The neurointermediate lobes of a 
large quantity of toads were homo- 
genized with a solution of NaCl 0.85 % 
and the homogenate was assayed on 
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rats as described in a previous paper 
(Uranga, 1957). 


RESULTS 


Effect of vasopressin and neurointer- 
mediate lobe of toad’s hypophysis on 
the water uptake by the toad,—The 
largest increase in water uptake takes 
place during the first hour after the in- 
jection (fig. 1). Expressing it as the per- 


3 
‘ 6 
Fic. 1. — Variation in the water uptake through 


the toad’s skin, produced by the injection of 
vasopressin or toad’s neurointermediate lobe. 
The arrow shows the time of the injection. 
The ordinate represents the rate of water 
uptake in ml per roo g of body weight, in 
one hour; the abscissa represents the time 


in hours. 


e e 0.5 U/100 g Vasopressin 
O-.-.-.-.-0045 U/100 g Toad’s neuro- 


intermediate lobe 
X-- -----x 7 ml 0.6% sodium chloride 


centage of the water uptake before the 
injection it may be represented by the 
regression coefficient of the increase in 
water uptake on the logarithm of the 
dose. For vasopressin F is 0.35 (at Po 95; 
F is 2.86) which shows that the regres- 
sion line is not significantly different 
from a straight line. The regression 
coefficient is 72 + 25, significantly dif- 
ferent from zero (t¢ 2.8; for Po 95, 
t is 2.7). For the neurointermediate 
lobe of the toad’s hypophysis F is 1.24 
(at Poos,.f is 3.32) and the regression 
coefficient is 60 + 24 (t = 2.3; for 
Poos, t is 2.0) also significantly dif- 
ferent from zero. 

The regression coefficient shows that 
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vasopressin and the neurointermediate 
lobe are not significantly different 
(F = 0.23; for Po.o5, F is 3.99). This 
shows that vasopressin and the toad’s 
neurointermediate lobe are very similar 
in their action on the increase of water 
uptake (table I and fig. 2). 

The activity of the homogenate of 
toad’s hypophyseal neurointermediate 
lobe, assayed by its antidiuretic activity 
on the rat, was equivalent to 25 units 
of vasopressin per ml of extract. But 
when assayed by its effect on the water 
uptake, by the toad’s skin, its activity 
was similar to 183 units of vasopressin 
per ml of homogenate. ‘This shows that 
the toad’s homogenate is more active 
than vasopressin when assayed in the 
water uptake through the toad’s skin. 

Effect of dehydration on the water 
uptake. —In the month of December a 
group of male toads was divided in two 
lots, one of them was placed in a cage 
under a dripping faucet, and the other 
one was kept without water for six 
days. After this period of time both 
groups were submitted to the experi- 
mental procedure described in Methods. 

In the control animals there was no 
loss of body weight nor increase when 
they were placed in water, and their 
water uptake was 3.1 ml + 0.43 ml per 
100 g/hour. 

The dehydrated toads lost 33% of 
their body weight, and on the fifth day 
four animals of this group died. When 
they were placed in water, from twelve 
to sixteen hours after death, there was 
a great increase in their body weight 
and this was due to the great water 
uptake which was of 14.4 + 2.3 ml 
per 100 g/hour in the living toads and 
14.9 + 5.1 ml per 100 g/hour in the 
dead ones. The difference in water 
uptake in dead and living toads is not 
significant (¢ — 0.02; for Po 95, t is 
2.2). In both groups the water uptake 
was related to the animal’s weight 
before dehydration. 

The water uptake in the dehydrated 
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TABLE I 


Increase in water uptake produced by the injection of vasopressin and toad’s neuro 
intermediate lobe homogenate; expressed as a percentage of the water uptake 
prior to the injection 


N°? of Units per 100 g Mean values S, (*) 
animals 
9 Vasopressine in 0.16 120 ; 35 
6 February 0.50 136 = 
7 1.60 175 + 24 
8 5.00 200 + 41 
11 10.00 268 + 45 
9 Toad’s neuro intermediate 0.16 118 =2i 
5 lobe homogenate in 0.50 188 = 
8 February 1.60 190 = 24 
8 5.00 206 
(*) Sp Standard Error. 
& 
= 500+ s 
= 400} 
= 
0,16 0,5 1,6 5 10 1 2 3 ‘ 5 6 
HOURS 


Vasopressin units 


Fic. 2.— The ordinate represents the increase 
in water uptake produced by vasopressin, or 
toad’s neurointermediate lobe expressed as per- 
centage of the water uptake prior to the 
injection; the abscissa represents antidiuretic 
activity expressed in vasopressin units. 


K------+--- x Vasopressin 
o ———————- 0 Toad’s_ neurointermediate 
lobe 


Fic. 3.— The ordinate represents the rate of 
water uptake in ml per 100 g of body weight, 
in one hour, in normally hydrated and de- 
hydrated toad’s. The abscissa represents the 
time, in hours, after the animals have been 
placed in water. 


Control toads (10 animals) 

o —————-— 0 Living dehydrated toads (9 
animals) 

x Dead dehydrated toads (4 
animals) 


j 


254 

toads is more than four times higher 
than in the normal animals. It would 
be necessary to use one thousand units 
of vasopressin to reproduce this effect. 

Four hours after being placed in 
water the living dehydrated toads have 
recovered their initial body weight and 
the water uptake has become normal 
(3.6 + 0.84 ml per 100 g/hour). The 
four dead toads have also recovered 
their initial body weight and_ their 
water uptake has also gone back to 
normal values (4.1 + 0.36 ml per 100 
g/hour). This slight difference between 
both groups is not significant (t 
0.43; for Poo5, t is 2.2). This shows 
that when a dehydrated toad recovers 
the normal body weight the water up- 
take goes back to normal values, both 
in dead and living animals. In dead or 
alive dehydrated toads the water uptake 
is directly proportional to the loss of 
body weight, if it is higher than 5% 
(fig. 4). 

Osmotic dehydration. — When the 
toads were placed in a 1.15 M sucrose 
solution, they lost, in three hours, 17 % 
+ 1.03 of their body weight, while in 
a sucrose solution 2.30 M the lose was 
26% + 1.03 (¢ — 4.0; for Poo, ¢t is 
2.78). This shows that the loss of water 
through the toad’s skin is directly pro- 
portional to the osmotic pressure of the 
environment. This is similar to what 
happens in frogs (Stewart, 1949). 

Role of the hypophysis.— A group 
of toads was divided into three lots of 
ten animals each. Those of the first 
group were totally hypophysectomized, 
in the second group only the pars dis- 
talis was extirpated and the third group 
was kept as control. These experiments 
took place during the month of Sep- 
tember, at a room temperature of 20°C. 
The day after the operation, when the 
alteration in the skin is very slight, 
the water uptake was measured as des- 
cribed in the method. 

The water uptake through the skin 
of the control toads was 1.4 ml per 100 


Water uptane mi per luug per hour 
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20 25 30 
Lose of body weight expressed as a percentage 
of the initial weight 
Fic. 4.— Relationship between the loss of body 
weight and water uptake in dead and living 
dehydrated toads. In the ordinate is represen- 
ted the rate of water uptake in ml per 100 g 
of body weight, in one hour and in the 
abscissa the loss of body weight expressed as 
a percentage of the initial weight. 
oO o Living dehydrated toads (9 
animals) 
- . +. Dead dehydrated toads (4 
animals) 


g/hour + 0.16, in the hypophysecto- 
mized toads 2.5 ml per 100 g/hour + 
0.19 and in the adenohypophysectomi- 
zed 2.2 + 0.37 (table II). 

The difference between the two first 
groups is significant (t — 4.40; for Po 91, 
é is 2.78). But between the two groups 
of operated animals there is no signi- 
ficant difference (t — 0.72; for Poo, 
t is 2.78). 

These toads were placed in a 1.15 M 
sucrose solution and in this case the 
water loss was the same in the three 
groups (F = 3.02; for Po 95, F is 3.35). 
After this lapse of time the toads were 
replaced in water and again the water 
uptake was higher in the hypophy- 
sectomized than in the normal toads 
(t 3.24; for Po 91, t is 2.78). The water 
uptake in animals with extirpation of 
the pars distalis was similar to the 
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WATER UPTAKE THROUGH TOAD’S SKIN 


TABLE II 


nN 


Effect of hypophysectomy and adenohypophysectomy on the passage of water 


through the toad’s skin 


N® of Group Water uptake in Water loss in | Water uptake 
animals | normally hydra- | 1.15 M sucrose after dehydra- 
ted toads, in solution. tion in 115 M 
water. secrose solution, 
ml per 100 ¢ ml per 100 g ml per 100 g 
per hour per hour per hour 
Mean _— S, (*) Mean Sy Mean Sy 
values values values 
10 Controls 4 2°06 29 + 0238 15 + 0.18 
10 Hypophysectomized 25 + 43 + 0.47 O82 
10 Adenohypophysectomized aa t OF $.7 + 048 20 + 031 
(*) Standard Error. 
SUCROSE 1,15 M WATER 


Movement of water through the toad’ skin 
ml per 100g per hour 


15 


Fic. 5.— Water loss and uptake in normal hypophysectomized and adenohypophysectomized 
toads. The ordinate represents the movement of water through the toad’s skin expressed in ml 
per 100 g of body weight, in one hour; the abscissa the time, in hours, after the beginning 


of the experiment. 

o ——————— 0 Controls (14 animals) 

x Hypophysectomized (14 animals) 
-.-.- . Adenohypophysectomized (14 animals) 


|| 
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TABLE III 


Effect of the section of the preoptic-hypophyseal tract on the passage of water 
through the toad’s skin 


N? of | Group Water uptake in | Water loss in | Water uptake 
animals normally hydra- | 1.15 M sucrose | after dehydra- 
ted toads, in solution. | tion in 1,15 M 
water. sucrose solution. 
ml per 100 g ml per 100 g | mil per 100 g 
per hour per hour | per hour 
{ 
Mean §, (*) Mean S,, Mean S, 
values values values 
7 Controls 20 + 0.53 + O27 23 + O27 
12 Section of the preoptic- 19 + 0.20 $2 + 036 12. = @20 
hypophyseal tract 


(*) Sy Standard Error. 


SUCROSE 115M WATER 


+ 


Oq per hour 


Movement of water through the toad’s s-in 
mi per 10 


' 


| 
Fic. 6.— Water loss and uptake in toads with 
sectioned preoptic-hypophyseal tract and nor- 
mal controls. The ordinate represents the mo- 
vement of water through the toad’s skin ex- 
pressed in ml per 100 g of body weight, in one 
hour; the abscissa the time, in hours, after 
the beginning of the experiment. 
e e Control 
O-+-+++.-+s- o Section of the preoptic- 

hypophyseal tract 


hypophysectomized ones (¢ == 1.59; for 
Po.91> t is 2.78) (table II and fig. 5). 
Section of the preoptic hypophyseal 
tract. — During the month of Se;tem- 
ber a group of recently caught male 
toads was divided in two lots. In the 


first lot the preoptic-hypophyseal tract 
was sectioned and the second group 
was kept as control. The water uptake 
was measured one month after the 
operation and it was the same in both 
groups. Then they were placed in 
sucrose solution 1.15 M; both groups 
lost weight at the same rate and when 
replaced in water the uptake was si- 
milar in both groups (table III and 
fig. 6). 


DISCUSSION 


The increase in water uptake pro- 
duced by vasopressin or toad’s neuro- 
intermediate lobe extract, can be repre- 
sented by the regression coefficient of 
the increase in water uptake on the 
logarithm of the dose. The regression 
coefficient of both extracts is not sig- 
nificantly different. 

The similarity between the regres- 
sion coefficients leads us to think that 
the neurointermediate lobe of the toad 
acts on the skin in a way similar to 
vasopressin. The toad’s neurointerme- 
diate lobe seems to be more active on 
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WATER UPTAKE THROUGH TOAD’S SKIN 


the toad’s skin than on the rat’s kidney. 

Dehydration produces an enormous 
increase in the water uptake. To re- 
produce the results found in_ these 
experiments, it would be necessary 
to inject one thousand units of va- 
sopressin which is the equivalent of 
two thousand toad’s neurohypophysis. 
(Uranga, 1957). This led us to think 
that this effect is due to the variation 
in osmotic pressure of the internal en- 
vironment and not to neurohypophy- 
seal hormones. This is confirmed by 
the fact that dead toads increase their 
water uptake at the same rate that the 
living toads. 

Total hypophysectomy or removal of 
pars distalis produces an increase in the 
water uptake in the normally hydrated 
toads. When placed in 1.15 M sucrose 
solution and the operated and normal 
animals are replaced in water, the 
water uptake is again greater in hypo- 
physectomized and adenohypophysecto- 
mized toads than in the controls. 

The fact that animals with total or 
partial hypophysectomy have a similar 
water uptake, and that this is greater 
than in the controls, shows that the 
pars distalis decreases the water uptake. 


SUMMARY 


1) The injection of vasopressin or 
toad’s pars neuralis or dehydration en- 
hance the uptake of water by the toad’s 
skin. This takes place specially during 
the first hour, the duration of the res- 
ponse being prolonged in accordance 
with the increase of the stimulus. 

2) The toad’s neurointermediate lobe 
seems to be more active on the water 
uptake by the toad’s skin, than on rat’s 
urine flow. 

3) Dehydration provokes a marked 
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increase on the water uptake in dead 
or living toads. The increase is similar 
to that produced by the injection of 
one thousand units of vasopressin, equi- 
valent to two thousand toad’s neuro- 
hypophysis. Water uptake becomes nor- 
mal after four hours, when the animals 
have recovered their initial weight, 
both in the dead and in the living 
toads. 

4) Water uptake through the skin of 
dead or living toads is directiy propor- 
tional to the loss of weight suffered 
by the animals. 

5) The loss of water by the toad’s 
skin increases with the osmotic pres- 
sure of a sucrose solution. 

6) Total hypophysectomy or adeno- 
hypophysectomy produces an increase 
in the water uptake by the toad’s skin. 

7) The atrophy of the toad’s neuro- 
hypophysis does not seem to enhance 
the water uptake. 
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PROCEEDINGS OF THE ARGENTINE SOCIETY 
OF BIOLOGY 


(MENbDOZA, ARGENTINA) 


November 28th, 1959 


Enzymatic destruction of substance V. 
K. A. HALvorseN, J. C. FAscroLo, A. 
sINIA AND OQ. A. CARRETERO. (Departa- 
mento de Fisiologia, Facultad de Cien- 
clas Médicas, Universidad Nacional de 
Cuyo, Mendoza, Argentina). 


Substance V, a_ bradykinin-like substance 
found in highly purified angiotensin prepar- 
ations, is rapidly destroyed by blood-piasma 
and by different tissue-extracts. 

The most active extract is the cne obtained 
from kidney followed by those from spleen, 
liver, brain, red cells and plasma. 

Cysteine (1 mg/m) partly inhibits the action 
of 0.2 mg of kidney and 100 of plasma. 

The action of kidney enzyme is maximal at 
pH 7 to 10, and persists on the alkaline side 
to pH 13, while its action on substance V 
and bradykinin is totally inhibited when the 
pH of the medium is kept below pH 6. 

Che optimum temperature for the action of 
kidney enzyme is between 35 y 50° C, but it is 
destroyed when temperature rises above 55° C. 

On incubating the kidney extract 30 min 
at 37°C and pH 3.5 its action on bradykinin 
is lost, although its action on substance V is 
partly preserved. 

Blood plasma incubated at pH 4,5 under 
the same conditions, loses its destructive effect 
on bradykinin, white its action on substance V 
is fully preserved. 

Substance V could be distinguished from 
bradykinin through this procedure. 


(COrpoBA, ARGENTINA) 


June Ist, 1960 


Glycemia, glucose release and u 
take in liver regeneration of the “Bufo 
arenarum” Hensel. A. P. DALMAsso. 
(Instituto de Fisiologia “Prof. Dr. Os- 
car Orias’, Facultad de Ciencias Médi- 
cas, Universidad Nacional de Cordoba, 
Santa Rosa 1085, Cordoba, Argentina). 


Fifty toads Bufo arenarum Hensel weighing 
95 to 155 g when just caught, were operated 
in Autumn and Winter, and fed on bovine 
liver. 

Twenty-five days after partial hepatectomy, 
recuperation of the removed mass was almost 
complete. The blood sugar after 3, 6, 12 and 
25 days of partial hepatectomy was slightly 
lower than in normal animals. Glucose liberated 
by isolated liver perfused with saline solution 
without glucose did not show differences from 
control livers. 

Glycogenolysis was decreased when livers 
were perfused 12 to 25 days after operation, 
with solutions containing insulin 4 U/l. The 
regenerating liver perfused with glucosed 
physiologic sclution (50 mg/100 takes 
glucose in the same way as the normal one. 


Elimination and retention of fluids 
in the “Bufo arenarum” Hensel after 
hypophysectomy. EMA DEL CARMEN 
CHIARAVIGLIO, (Instituto de Fisiologia 
“Prof. Dr. Oscar Orias”, Facultad de 
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Ciencias Médicas, Universidad Nacio- 
nal de Cordoba, Santa Rosa 1085, Cor- 
doba, Argentina”). 


1) Hypophysectomized toads were overloaded 
with physiologic salt solution for Batrachia 
injected 2 ml per 100 g of weight every 5 
minutes during 5 hours. Five, 10, 15, or 20 
days after hypophysectomy it was found that 
elimination through all emunctory glands 
diminishes while the volume within the tissues 
was increased. 

2) After the overload, the hypophysectomized 
toads eliminate the injected fluid more slowly 
than normal toads. In those injected 20 days 
after hypophysectomy the elimination of fluids, 
as well as mortality, decreased. 

3) The ability of the hypophysectomized 
toad to retain fluids was shown not only in 
connection to the excessive quantities of injec- 
ted water, but also when it was kept in an 
aqueous surrounding. 


Glucose output of toad liver per- 
fused by oxygenated Ringer alone or 
with glucose. I. Flores. (Universidad 
Nacional de Cordoba, Facultad de 
Ciencias Médicas, Instituto de Fisio- 
logia “Prof. Dr. Oscar Orias”’, Santa 
Rosa 1085, Cordoba, Argentina). 


Three hundred and twenty five isolated 
livers of Bufo arenarum Hensel were divided 
into groups and perfused with a) different 
doses of glucose, b) oxygenated Ringer, c) oxy- 
genated glucose solutions. 

a) Glucose liberation by the isolated liver 
increases proportionally to the glucose concen- 
tration of the perfusion fluid when the of- 
fered dosis is reduced, and in a smaller degree 
when the dosis is high; in this case there is 
glucose absorption. 

b) When the perfusion is performed with 
oxygenated glucose-free Ringer solution, then 
glucose liberation by the liver decreases by 
47 % comparing with the anaerobic conditions. 

If glucose solutions are oxygenated, offered 
glucose is not absorbed by the liver. 


Effects of time and oxygenation on 
urine formation through the isolated 
kidney of “Bufo arenarum” Hensel. 
F. A. MAborry bE Bonet. (Instituto de 
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Fisiologia “Prof. Dr. Oscar Orias”, Fa- 
cultad de Ciencias Médicas, Universi- 
dad Nacional de Cordoba, Santa Rosa 
1085, Cordoba, Argentina). 


Fifty seven perfusions were performed on 
isolated kidneys of Bufo arenarum Hensel 
from 36 to 140 g of weight, the effect of 
time and of oxygenated saline on urine for- 
mation was analyzed. 

In perfusions through the renal artery and 
the renal portal vein together, or the renal 
artery alone, volumes of urine and of perfusion 
decrease gradually with time; urine reduction 
is more pronounced, and it does not depend 
only on the decrease of the offered flowing 
volume. 

With oxygenated saline the flowing volume 
reduces slightly; urine formation decreases less 
than using saline alone. 

Oxygenation is more effective when _per- 
fusion is made only through the artery. 
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Cytology of the pancreas in the snake 
“Xenodon merremii”. ApoLro F. Car- 
pEza. (Instituto de Biologia y Medicina 
Experimental, Obligado 2490, Buenos 
Aires). 


Light and electron-microspic studies of the 
pancreas of the snake Xenodon merremii were 
carried out. 

The islets of Langerhans in these species 
are concentrated at the perisplenic portion of 
the pancreas. The islets have irregular shape 
and their largest diameter vary between 300 
to 500 micra although they can even measure 
up to 1500 micra. 

The islets bear an intimal relationship to 
the small secretory ducts and to the acini; 
there are no net limits between the exocrine 
and the endocrine tissue. 

Three types of cells can be observed with 
the light-microscope and special stains: alpha, 
beta and delta cells. Alpha and beta cells 
exist in equivalent proportions; delta cells 
amount to 5 to 10 per cent of the islets 
population. 

With the electron microscope also three 
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types of cells can be distinguished: the alpha 
cells have secretory granules with great elec- 
and vesicular 
type of ergastoplasm and scarce mitochondria; 


tronic density variable size, a 
the beta cells show secretory granules of me- 
dium density limited by a peripheral mem- 
brane and a granular type of ergastoplasm; 
the delta cells show granules of intermediate 
density and few developed organelles. 


Study of the distribution of radiac- 
tive sodium in the adrenalectomized 
rat. S. A. D’Acost1Ino. (Instituto de Bio- 
logia y Medicina Experimental, Obliga- 
do 2490 y Comision Nacional de Ener- 
gia Atomica, Buenos Aires). 


1) Sodium and thiocyanate spaces were deter- 
mined in three groups of rats with chronic 
adrenal insufficiency: a) controls; b) injected 
with aldosterone, and, c) injected with hydro- 
cortisone. An increase in the sodium space was 
observed in the three groups under study *s 
compared with normal rats, the one with 
aldosterone being the highest. The thiocyanate 
space showed no significant difference within 
the three groups, nor between them and nor- 
mal rats. 

2) An increase in sodium uptake by the liver 
of adrenalectomized animals was observed. This 
increase could be preverted by hydrocortisone, 
aldosterone. 

8) It was observed that, 
increased the sodium uptake by striated mus- 
cle, hydrocortisone had the opposite effect. No 
significant differences were found between the 
striated normal and adrenalec- 


but not by 


while aldosterone 


muscles of 
tomized rats. 

4) A diminution of sodium uptake by the 
spleen of adrenalectomized rats treated with 
hydrocortisone was observed. 

5) No significant differences were observed 
in sodium uptake within the kidneys of the 
three groups, nor between them and the kid- 
neys of normal rats. 


Presence of thyroid compounds in the 
plasma of the toad “Bufo arenarum” 
Hensel. A. O. Donoso. (Instituto de 
Biologia y Medicina Experimental, 
Obligado 2490, Buenos Aires). 


The presence of thyroxine and other uniden- 
tified compounds, in the plasma of toads, was 
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demonstrated through paper chromatography 
and autorradiography. 


Vaginal threshold in the hypophysec- 
tomized - adrenalectomized - thyroidec- 
tomized rat. R. NALLAR. (Instituto de 
Biologia y Medicina Experimental, 
Obligado 2490, Buenos Aires). 


1) Hypophysectomy in spayed rats decreases 
the threshold of the vagina to subliminal 
doses of estradiol benzoate. 

2) A similar effect was observed when bi- 
lateral adrenalectomy was performed. 

3) Iodothyroidectomy increases the threshold 
of the vagina to estradiol benzoate. 


Differential influence of reserpine 
and cocaine on the vascular effects of 
sympathico-mimetic amines and acetyl- 
choline. H. C. SABELLI. (Buenos Aires). 


In the hind legs of rats and in Jackson’s 
toad preparation, a previous treatment with 
reserpine, has a potentiating effect on vaso- 
constriction obtained by norepinephrine and 
naphazoline, while it also potentiates the vaso- 
dilatation induced by isopropylnorepinephrine, 
and antagonizes the vasoconstrictor action of 
d-l-amphetamine, d-amphetamine, acetylcholi- 
ne, ephedrine and mephentermine. Sometimes, 
there is an inversion of ephedrine effect while 
mephentermine vasoconstriction is always re- 
verted. The effects of epinephrine, phenyle- 
phrine and cyclopentamine were not changed. 

The influences of a previous treatment with 
cocaine on the effect of phenylephrine, napha- 
zoline, cyclopentamine, isepropylnorepinephrine 
and ephedrine were studied and the results 
were similar. 


Action of metal binding agents 
on aldehyde dehydrogenases. M. N. 
SCHWARCZ AND A. O. M. STopPANt. (/ns- 
tituto de Quimica Bioldgica, Facultad 
de Ciencias Médicas, Universidad de 
Buenes Atres, Argentina). 


The action of metalbinding agents has 
been studied on DPN and TPN-specific 
aldehyde dehydrogenases of yeast, and liver 
aldehyde dehydrogenase. The three enzymes 
are significantly inhibited though in different 
extent by 1,10 phenanthroline, 8-hydroxiqui- 
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noline, diethyldithiocarbamate and cupferron. 
The DPN-specific aldehyde dehydrogenase of 
yeast is scarcely sensitive to cupferron and 
the TPN specific enzyme is not inhibited by 
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8-hydroxiquinoline. In the absence of cysteine 
yeast DPN-linked aldehyde dehydrogenase is 
activated by 1,10-phenanthroline diethyldithio- 
carbamate and 8-hydroxiquinoline. 
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una obra maestra 
del progreso antibiotico... 


actividad antibiética mucho mayor 


LEDERMICINA (demetilclortetraciclina Lederle) posee de 2 a 4 veces, 
la actividad de la tetraciclina contra los organismos susceptibles. 
Proporciona niveles significativamente mas elevados de actividad sérica. 


con dosis antibié6ticas mucho menores 


LEDERMICINA revela la proporcién mas elevada de nivel prolongado de 
actividad respecto a su ingestién diaria en miligramos. La disminucién 

de antibidtico ingerido hace que disminuyan las probabilidades 

de efectos adversos en la mucosa intestinal o los de la interaccién con 


ataque antimicrobiano maximo y sostenido 


El alto nivel de actividad de LEDERMICINA se mantiene constante 
todo el tiempo que dura el tratamiento, merced a su mayor estabilidad en 
los liquidos organicos, resistencia a la degradacién y lenta excrecién renal. 


de actividad para proteger contra la recidiva 


LEDERMICINA méAntiene su actividad durante uno o dos dias 

después de suspenderse la dosificacién. Da muestras de extraordinaria 
eficacia y seguridad contra la recidiva de la infeccién primaria 

o de invasiones bacterianas secundarias - dos factores que, a menudo, se 
asemejan a “problema de resistencia”. - 


Presentacién: 
Frascos de 8 y 16 capsulas de 150 mg. 


nueva y exclusiva 


Demetilclortetraciclina Lederle 


LABORATORIOS LEDERLE 
Divisién de CYANAMID DE ARGENTINA S. A. 


CHARCAS 5051/63 TH. 72-7031 BUENOS AIRES Lderte ) 
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Como suplemento protidico mas concentrado 


para las dietas hiperprotidicas 


SECALBUM 


KASDORF 


CASEINATO DIETETICO FORTIFICADO 


el unico que aporta 


10% mas de triptéfano, 5% mas de metionina, 50% mas de cistina 
que el caseinato de calcio comun, 
cumpliendo en forma Optima la ley del minimo. 


Ademas esta fortificado con glicocola y vitamina C 
como factores de metabolizacién. 


Mayor efecto citoplastico-reparador - Mayor accién érganoprotectora. 


Sabor agradable, perfecta solubilidad, resistencia a la ebullicién 
y preparacion coquinaria variada. 


Dosis: Lactantes hasta 40 g por dia; nifios y adultos hasta 100 g y mas por dia (1-4 g 
diarios por kilo de peso). 
Envases de 100 y 200 g 


Como complemento glucidico mejor asimilable 


que protege contra las carencias 


NUTROSE 


KASDORF 


Aztcar dietético 


dextrosa enriquecida con minerales y vitaminas 


Dosis: 30-50 g por dia Envases de 400 g 


...y Siempre sobre la base de 
las investigaciones mds recientes. 


senala el progreso 


en 
la terapia 


corticosteroide 


EXAMETONA 


e ACCION ANTIINFLAMATORIA MAYOR 
Aproximadamente 6 veces mayor que la de la prednisolona y 30 veces 
mas activo que la hidrocortisona 


e EFECTOS MINERALOCORTICOIDES MINIMOS 
Retencion de agua y sodio o pérdida de potasio, imperceptibles 
con las dosis terapéuticas 


e REACCIONES SECUNDARIAS INDESEABLES NOTABLEMENTE REDUCIDAS 
Debilidad muscular, pérdida de 1.2so, etc., no se producen con Dexamet ona 


e ACCION DIABETOGENICA PRACTICAMENTE AUSENTE 
No se han observado hiperglicemia o glicosuria ni aumento de 
la insulina requerida en los diabéticos 


DEXAMETONA Comprimidos de 0,375 mg y 0,75 mg. an 


Frascos de 10 y 20. alts 
SCHERING CORPORATION U.S.A. 
Marea de fabrica Representantes en Argentina, DR-si-J- Arg 


ESSEX (ARGENTINA) S.A.LC. 
Bartolomé Mitre 2225, Buenos Aires. 
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APARECIO 
ELEMENTOS bE FISIOLOGIA HUMANA 


(The Living Body) 
por 
C. H. Best y N. B. Taytor 


Traduccion de los doctores Samuel Middleton, Bjorn Holmgren y Daisy 
Benitez del Instituto de Fisiologia de la Universidad de Chile. 


La traduccion al castellano de la 4* edicién inglesa de este 
importante texto satisface una imperiosa necesidad de la edu- 
cacién biolédgica en los paises de habla espaniola y sera de 
gran provecho para la introduccién al estudio de la fisiologia. 
El libro consta de 744 paginas, 447 figuras y 16 Jaminas en 


colores. Incluye ademas un indice analitico de materias. 


DISTRIBUYE: 
EDITORIAL UNIVERSITARIA, S. A. PRECIOS: 
Ricarpo Santa Cruz 747 Rustica US$ 11 
Casit_a 10220 EMPASTADO EN TELA US$ 14 


SANTIAGO DE CHILE 


ANTIBIOTICOS 


Intolerancia 

Modificaciones perjudiciales de la flora 
microbiana 

Bacterioresistencia 

Accidentes de la antibidticoterapia 


EVITELOS... 
Elija el antibidtico adecuado determi- 


nando el ANTIBIOGRAMA con los discos bacterioldgicos. 


DIAMED 


SEGUROS 
CONSTANTES 
ECONOMICOS 


Unicos distribuidores: 
Polymetron S. R. L. 
Jujuy 299 
Bs. As. 


“Dr. Theooor Schuchardt” Miinchen - Alemania 
Reactivos Organicos - Aminoacidos - Carbohidratos - Substractos para determinacién 
de enzimas - Acidos nucleicos - Indicadores - Hormonas - Esteroides. 
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REGLAMENTO DE PUBLICACION 


ACTA PHYSIOLOGICA LATINOAMERICANA publica articulos originales inéditos o que hayan 
sido publicados previamente en forma parcial. 


Los trabajos deben ser enviados POR DUPLICADO al Editor Jefe, Dr. Bernardo A. Houssay, 
Obligado 2490, Buenos Aires, Argentina. La revista no se responsabiliza por los dafios sufridos por el 
manuscrito o por su pérdida. Se recomienda a los autores conservar una copia completa de trabajos 
que envien por correo. ° 


Preparacién de los trabajos: Deberin cer escritos a m&quina en papel tamafio carta, no transpa- 
rente, a doble espacio y con amplio margen. Las ilustraciones deberin estar numeradas (fig. 1, * 2, 
etcétera), y llevar al pie una leyenda clara y concisa. Las fotografias hechas en papel brillante, nitidas, 
Los gr&ficos y diagramas, dibujados con tinta china sobre fondo blanco, listos para reproducir. 


Se publicarén trabajos escritos en castellano, portugués, francés o inglés. Los que estén escritos 
en casteliano o portugués deberfn contener al final un re.umen en inglés. 


Las citas bibliogr&ficas se harin en el texto mediante nimeros [por ej.: algunos eutanes 35) 
y en especial Jones (*) ] o autores y afio [por ej.: (Breslauer, 1919) }. Al final del trabajo la iblio- 
grafia se ordenarA alfabéticamente y con numeracién progresiva, en el primer supuesto, y alfabética- 
mente en el segundo. Para las abreviaturas de las revistas, etc., se seguirin las recomendaciones del 
World List of Scientific Periodicals. La disposicién de tales citas debe ajustarse a los ejemplos si- 
guientes: 


(1) Hovssay, B. A., Lewis, J. T., Onfas, O., Braun Men&NpzEz, E., Hua, E., Yoarra, V. G., Letom, 
F.: Fisiologia Humana, 3* edicién, El Ateneo, Buenos Aires 1954. 
(2) WuirremBury, G., Raminez, M., FernAnpez, J.. Monas, C.: Acta phystol. lat..cmer., 1955, 5, 117. 


De acuerdo con el car&cter del articulo (articulo de conjunto o comunicacién original) constaré 
© no el titulo completo de los trabajos en la bibliografia. ) 


Se recomienda a los autores consultar las instrucciones aparecidas en ACTA PHYSIOLOGICA 
LATINOAMERICANA, 1960, N° 2, o solicitar un apartado a la Administradora: Srta. Josefina Yanguas, 
Obligado 2490, Buenos Aires, Argentina. Y 


' Las medidas y simbolos deben expresarse de acuerdo con las recomendaciones de la Comisién de 
Simbolos, Unidades y Nomenclatura de la Unién Internacional de Fisica, aprobados en Amsterdam, en 
junio de 1948 (Cienc. + Invest., 1949, 5, 438). 


SE EXPONEN A CONTINUACION ALGUNAS ABREVIATURAS COMUNES 
Castellano Inglés Castellano Inglés 
centimetro ciibico ....... 


mililitro 
miligramo 
miliequivalente ........- 


milfmetro 
MicT6n 
Mmilimicrén 
MICTOZTAMO 


BOTS 
MiNUtO 


milisegundo 


Para evitar la confusién derivada de la nctacién decimal diferente segin los paises, se adopta 
el punto decimal y se suprime toda notacién entre millares sustituyéndose por un espacio: 19 000 
(no 10.000 ni 10,000) —0.90 (no 0,90). 


Oorreccién de pruebas: Una de las pruebas de imprenta ser4 remitida a los autores, quienes deberdn 
devolverlas corregidas, dentro de las 48 horas subsicuientes a su recepcién. Las modificaciones funda- 
mentales en la correccién de las pruebas en iesacuerdo con los originales no tomadas 
en cuenta. 


Pedido de apartados: Los autores que desean apartados deben solicitarlos al devolver las pruebas 
de imprenta. El costo de los mismos correr& por cuenta del autor. 


| metro 
mm ml ml 
kg kg 
= 
; A mg ing 
us mEq mEq 
sec Microcurie ...........++ no po 
msec por cient % % 


ComPafta IMPRESORA ARGENTINA 5. A. 
Alsina 2049 - Buenos Aires 
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